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Preface 


Anaesthesiology and intensive therapy are branches of medicine 
that are very intimately connected with other medical specialities 
such as surgery, therapy, obstetrics, gynaecology, paediatrics, etc , 
because the anaesthesiologist has to provide anaesthesia and inten- 
sive therapy to patients with various diseases The anaesthesiologist 
uses strong medicines and intensive methods to act on the human 
body- This requires profound knowledge of clinical biochemistry, 
pharmacology and some laws of physics Moreover, the anaesthe- 
siologist must be able to handle complicated instruments and appa- 
ratus and hence his engineering skill and knowledge must be perfect 
too The anaesthesiologist must be •well prepared to meet many prob- 
lems other than purely anaesthesiological and requiring knowledge 
in other related branches of medicine for their solution 
Paediatric anaesthesiology is part of general anaesthesiology and 
intensive therapy. The principles of paediatric anaesthesiology are 
the same as of anaesthesiology for adults The main task of an an- 
aesthesiologist is to protect the patient from operational stress and 
to control and maintain the vital functions of the patient in critical 
conditions But the methods that are applied to infants and children 
can differ significantly from those used for adult patients Neonates 
and infants require special care The special anatomy and physiology 
of older children also account for special care of these patients 

The textbook includes three parts The first part deals with the 
general problems in anaesthesiology, intensive therapy and resuscita- 
tion, and also organization of the anaesthesiological and intensive 
therapy service (Plate 1), the apparatus and medicines used for 
anaesthesia and intensive therapy It also discusses the anatomical 
and physiological properties of children from the viewpoint of the 
anaesthesiologist 

The second part is dedicated to clinical anaesthesiology in paediat- 
ric practice This part deals vith the general principles and methods 
of anaesthesia in children, the problem of selection of anaesthetic 
methods and techniques depending on the child’s condition and the 
character of surgery 
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The third part deals with clinical resuscitation and' intensive 
therapy Special emphasis is laid on correction and maintenance of 
vital functions in children with common diseases Intensive therapy 
of childien with various diseases is described 
This textbook is the result of many years’ intensive work of the 
author and his colleagues in the field of paediatric anaesthesiology 
and intensive therapy at Filatov’s Paediatric Clinic in Moscow 
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PART ONE 

General Problems 
of Paediatric Anaesthesiology 
and Intensive Therapy 


Chapter 1 

Paediatric Anaesthesiology 
and Intensive Therapy 

Anaesthesiology and intensive therapy, resuscitation included, 
are very important aspects of modern paediatric medicine Their 
importance depends on the problems and principles that determine 
the essence of anaesthesiology and intensive therapy themselves 
They obey the'same laws that govern the progress of general anaesthe- 
siology and intensive therapy, it would also be incorrect to regard 
paedfatriG anaesthesiology and intensive therapy as minor anaesthe- 
siology and intensive therapy They are the same medicine but 
only adapted to children In some cases the little patient requires 
even more extensive medical care than an adult, because of the special 
features of his physiology and anatomy and the special character of 
children’s pathologies All branches of paediatric medicine therefore 
are specific Tins concerns deontology, selection of methods for 
anaesthesia, intensive therapy and resuscitation, indications for 
various medicines and their dosage, and many other aspects It is 
quite evident that a paediatric anaesthesiologist must have profound 
knowledge in paediatrics Love for his patient and the desire to 
lessen his sufferings is another prerequisite condition for a paediatric 
anaesthesiologist 

Anaesthesiology is a branch of clinical medicine, whose mam 
object IS to protect the patient from surgical stress An operative 
inter\ention is a surgical correction of various dysfunctions, hut 
the body reacts to any operation or painful manipulation The degree 
of stress depends on the psychic trauma, pain syndrome, and homeo- 
static changes that occur during operation (blood loss, upset gas 
exchange, biochemical shifts, etc ) The reaction of the human body 
to an operation is quite varied Incision of tissues, loss of blood, 
opening of the chest or abdomen, manipulations on reflexogenic 
7ones, etc , can be the triggering mechanism of this reaction They 
can cause respiratory distress, circulatory disorders, changes in the 
blood coagulating and anti-coagulating system, and metabolic 
di'sorders The neurovegetative system responds by spasms in the 
peripheral vessels, release of excess catecholamines into the blood, 
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and by \anotis metabolic disordeis A vicious ciicle is thus formed 
and many homeostatic di^^ordors become independent of their pro- 
\oking factois and (hey Ihomselves become the cause of further 
changes in llie bodi Tlie task of an anaesthesiologist is to remove 
pain, render a patient unconscious during opeiation, and to ensure 
safety of the child during operation and in the early post-anaesthesia 
and post-operatiyo periods In other words, gas exchange, haemo- 
dynamics and othei homeostatic parameters of the child should be 
maintained within safe range 

Intemixe {hciaptj and rc‘^u^ci(aiion deal with terminal states of 
the bod^ fuiK tioning and methods of then treatment But this is 
not the mam and the only object of intensive theiapy As thi*! branch 
of medicine lias been developing, it proved to be effective not only 
for terminal ‘'talcs, but also foi cases with upset vital functions It 
IS quite natural that (he number of such cases is much higher and 
inlensue therapy is now legaided a‘= a means of prevention of termi- 
nal stales 

The range of application of lesuscitalion measures has now broad- 
ened greatly The problem‘5 of intensive therapy can he formulated 
as follows (a) the ‘study of pathophysiological piocesses occurring 
during the terminal stale and in se\eie (critical) conditions, (b) treat- 
ment of patients in the terminal stale (resuscitation or revival), 
(c) treatment of patients with seveie vital dysfunctions (severe or 


critical condition) , 

Terminologv We shall only discuss seveial terms that are oi 

major impoitance for the doterrainalion of the ^ 

anaesthesiology and inlensno therapy Other terms wull be defin 

Tater m appropriate chapteis 

iYmeovs Gk tiai/.osis, a benumbing) is a depression 
nervous system liy special substances (narcotics or anaesthetics) 
characterized bj stupoi, insensibility (absence 
sensitivity to pain or other stimuli) and reflex depression This 
condition is le^vcrsible and the initial status m^itfseMe 

pension of administration of the drug The erm ‘anaesthesia’ 

anaesthesia’ 

Osei to mean onaestlies.a ,<5“ eMS resttatmn'^ot vital 

Resuscitation (L resusciiare., to le^ ) anrinrpntlv dead na- 

functions in pationts in the terminal “^ned to re- 

bents The term ‘card.opnlmonaiy »" ILfHot impW the 

establishment of the ''YJ“'that“a®physioian has to manage for the 
StiSo^lrevS of pa\m "A^tiftcial maintenance of blood 
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circulation and respiration re'establislies the vital functions of the 
body 

Intensive therapy is the treatment of patients in vhom one or 
several vital functions are so disordered that the patient cannot live 
longer unless these dysfunctions are compensated artificially Acute 
disorders are mainly understood in such cases (Plate 2) 

Intensive therapy is always compensatory in its character and is 
intended to replace artificially a completely or partly lost function, 
as for example artificial ventilation of the lungs, parenteral nutrition, 
haemodialysis, hronchoscopic sanation (to maintain air\\ay patencj), 
etc Another special feature of intensive therapy is that it is often 
directed to eliminate a syndrome Resuscitation means aid to pa- 
tients in whom the diagnosis may not he accurate, \vhile the necessity 
of a pathogenetic therapy is quite ohvious The clinical picture in 
such cases is characterized hy the domination of one or several s\n- 
dromes that should be quickly corrected to preclude death of the 
child Such cases include acute respiratory distress, metabolic 
acidosis or alkalosis, acute renal failure, shock, hyperthermia, con- 
vulsive si'Udrome, etc The physician should therefore start vith 
treatment of syndromes and then proceed to pathogenetic therapy 
It IS quite natural that in =ome cases the therapy of syndromes is 
actually a pathogenetic therapy, 

A severe syndrome develops usually when a vicious circle in the 
genesis of a disease is formed For example, acute respiratory failure 
associated with severe forms of stenosed laryngitis (croup) develops 
secondary to viral infection, vhich is followed hy obstruction of the 
upper amvays, hypoxia, hypercapnia, and anxiety This, in turn, 
increases the oxygen demand and the release of catecholamines and 
intensifies inflammation Treatment of only hypoxia or hypercapnia 
will not be efficient in such cases, because treatment should be aimed 
at elimination of inflammation, control of infection, etc The third 
specific feature of intensive therapy is thus a complex therapy of 
all links in the pathological circle characterizing a given severe 
syndrome 

Intensive control implies permanent monitoring of the patient’s 
condition Intensive control should be given to children recovered 
from critical conditions, but in whom the function of the vital organs 
and systems can at any moment be impaired again Children with 
acute poisoning, newborns and premature infants also need intensive 
control 
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Chaptei 2 

Equipment and Apparatus Used for Anaesthesia, 
Intensive Tlierapy and Resuscitation of Infants 

and Children 


ANAESTHETIC APPARATUS 


All anaesthetic appaialiis is used (a) to supply gaseous or volatile 
anaesthetics, oxjgcn oi air into the patient’s airvays at a preset 
flow late, (h) to maintain the needed temperatuie and humidity 
of the inhaled gas, (c) to lemovc evhaled gas from the airwmys, 
(d) to eliminate caihon dioxide fiom tlie exhaled gas, and (e) to 
ensure assisted oi aitificial xentilalion of the patient’s lungs 
Aiiaestliotic apparatus (Fig 1) usually includes the following 
three main unit'; (1) reservoirs (cvhndeis) for compressed oxygen 
and gaseous anaesthetics (with reducing xmlves), (2) vaporizers for 
liqind anaesthetics provided wnth flow'-meters foi gaseous anaesthet- 
ics oxvgen and an, (3) breathing circuits foi circulation of the 
narcotic mixtuie 

A simple vaporizer woil^s as follows An anaesthetic supplied from 
a flow -meter max'^ (a) bj-pass the xapoiizer, the concentration of the 
anaesthetic in the hicathing gas is then zero, (b) the anaesthetic can 
he partly dcliv'ered into the x’apoiizer and its vapour wnll then be 
mixed wntli other gaseous components at the outlet, (c) the entire 
quantity of anaesthetic may pass through the vaporizer to ensure the 
maximum concentration of the anaesthetic in the breatinng g^ 
There are semiautomatic and automatic systems in wmich the 
offect of varying tempeiature on exmporation of the anaesthetic can 
be compensated to ensure its constant concentration in the breathing 


mixture , , , , 

The anaesthetic system includes also absorbing device in which 
carbon dioxide exhaled by the patient is absorbed (in rebreathing 
circuits) In closed or semi-closed systems, carbon dioxide is returned 
mto the anaesthetic apparatus, and if the supply of fresh gas is insuf- 
ficient, carbon dioxide concentration can increase to a dangerous 
level A COo absorber eliminates this danger tlipm 

Various valve<; are used in anaesthetic apparatus Soine of them 
(one-way or non-rebreatlnng valves) are used to ensure flow o gas 
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\h‘-oi plioii ,iu(l luni-K lii( ‘liittiK ' ts 

a b^)) pi ion ''ii'^lcnt put or Uio ou'ui > i r< ’»»•.* t to *?)' 

<ui.i(‘''nu’li( iip[iii( kIh*- foi ii'p* 1 tih •!. ! lo)! f iflt *11 

ioiu(i\ 0 f .0« fiotii Uu' i'\!v >!( il • o i’s' <• tt* ' 

in Uii'' fipp.u.ilii^ 1'' iii'-iiriiilu <iit{ 1 ill of itti*- t* m o*' 

eiononn of owpc'ii <in(l lln* miic'-llii t h , in nnii'i.'ttt ]o - of )v 
.iiui inoii-tuie 1)\ llic p.ilicnt, 1*0' hr* athni'Mi (n * *h f ^ ’’ 

atinosplioi ir pollntinn in the op*>r<ilino t)n'>lri 

The cli‘'.ul\ .uit.if;*"' of llic aloorptmn •'\vioni .irt <iiflKult tunlroS 
of llio .111.101.1 Ill’ll* * oiKonli.ition in llio o\h,>h(l an! thfinul* 

disinfoclion of llio .ipp.n.itii'. 

Abboiptioii ‘.^‘'tom ‘5 can ho * in nl.it or lo-.unl fio In th* nriol.T 
cihboiption '.A'.lc’in, on'.i s p.i'.^ fiom (ho .ipp.irolu'. lo tin pilnnt uni 
hack to the .ippaialu‘. (Ti" ‘ 2 it) I’m t of llio oxlntloil rn i .ui ho i‘i" 
chaiged (o .\lmo"-phoio lhiou<:li .i h.iU-opoii o\haio \.ihi or ihroiiLth 
a lolensc va]\c of the appanUn'- Iho anumul of dn.tluu'’0 friua tho 
system depends on tho i.ito of frc'-li g.i'* no\\ the higher (ho fro'-h L.i'- 
flow to tho hicathing } 5 ^'.teIn, tho l.irgoi tho di'-ch.iigc of tho oxh.ilod 
gas Tlie evlmled gas passo^. an ah'.orlioi ^\ho^o tarhon dioMtlo i'- 
retained 

With the to-and-fio system (Fig 2 h), tho uihalotl and exhaled ga^es 
move altoinatolv thioiigh the same hoce (from tho app.iratiis to tho 
patient, and hack) The exh.ale vaKe can ho either clo'-ed oi half-open 
In an absorption system all exhaled gas 1*5 1 eturnod to the apparatus 
If part of exhaled gas is vented to atmospheio, the cirtuit is called 
semi-closod. 
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Ti" 2 Brcallnng sj stems 
fi~circIo s\slom, b — lo-and-fro sjstem 


In a non-iehicalhwg all exhaled gas is 

tlirough a special exhale xmlx^e The inhale va ve pr pq 

of the exlialcd gas hack into (he appaiatns, ® 

ahsoiher unnecessaiy But the COo content in 1 1 ^ p«ppI made- 

highei than in atmospliciic an due to the 

quate function of the inhale valve, oi ^ exhaled 

elements of the sjstem (connectois, 1 pieces, ; 

gas IS not rebrealhed, the anaesthetic concentiation m the fresh gas 

no^. should 1,0 b.gl.o. to open or sem.-olosod W,th 

A non-rebieathing system can be eitne i , , » , exhaled 

the open circuit, the open circuit is inhalation 

into atmosphere A on a ^gauze-covered Esmarch 

of an anaesthetic xvlucli is dioppeu » mlnles the anaesthet- 

mask When a child breathes spontaneous^, he i B^^ 

1C vapour together xvith Jed for use with neonates 

only m rare cases and is absolutely proliibuea 

because of the great danger of , Tuixture from the cyl- 

Witli a semi-closed circuit, an anaes hetic 

inder passes a flow-meter and a vaponz liquid and gaseous an- 

gas IS discharged to 

aesthetics can be used m mixtures infants under 6 years of age 
he exerted xvhen giving _uen circuits should be used with 

Non-rebreathing valves with semi- P disadvantages, they 

neonates Since valvular systems infants whenever possible 

should not he used with neonates and intants wii 

^alveless systems should he pre err 
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Fig 3 Conducting anaesthesia using an Ayre (T-piece) sj'stera 

The Avre system (Fig S) is a T-piece with a diameter of 1 5 cm 
Fresh gas flow passes through a hose fixed to one limb of the T-piece, 
while the other limb is connected to the endotracheal tube The 
third limb remains open to discharge the exhaled gas This limb is 
closed by a finger during inhalation and the child therefore breathes 
in fresh gaseous anaesthetic During exhalation the pressure of the 





Fig 4 An anaesthetic attachment for nei\ - 
boms and infants 

a— packed in a kit, b — assembled for use 
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rig 5 Soviet-made all-purpose anaesthesia apparatus Polynaicon-4 


inger should be released rSireathmg tube is 

and to prevent suction of atmospher , (and, hence, 

attached to the expiratory limb The child The fresh gas 

Its volume) varies depending on t^ie "^tiirrate This 

now should h. 2 5 t-es lugto ^ 7^r — s fre"sb gas flo. 
IS necessary to prevent nypercapn v 

should be 4-5 1/min ) ^ adults can be used for 

Any anaesthesia apparatus 3 or 5 The selection 

inhalation anaesthesia of children , condition, duration of 

of the apparatus depends on the child s conau 


2-01222 
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anaesthetic sleep, the amount of opojntne injnn and the rhai.ictcr 
of operation, and also on the skill of the anae‘'the‘'iologi‘'t 'J’he mam 
requirements for the anaesthesi.i appaialu'' foi '-mall children are a>^ 
follows (a) mininiiim possible hi calJiing le'-i'-tam e (o'-pei lalh expi- 
ration resistance), (b) niiniiniim dead sp.u e fc) inainlcmince of 
temperature and humidity ol inlialed mixluie v ilhin nonnai lanpc 
These requirements aie met uith a special anao'-thclu attachnieiit 
shoxvn in Fig d or with ah'-oiption '-x'-tems in vliirh a signilnant 
portion of the exhaled gas is vented to atmo'-phere 
The Sox'iet-made appaiatus ‘Polx narcon-''! (Fig I) i« <) xei\ con- 
venient all-puipose appai.itus 


APPARATUSES FOR ARTIFICIAL LUNG XENTJIATION 

Ventilators are used for intermittent delixeij of biealhing gas 
into the lungs for their ventilation A great xanety of apparatuses 
or artificial ventilation of the lungs are u^ed in pacdiatnc anaesthe- 
sio ogy and intensixm therapy Then operating principle is based on 
mandatory air delivery into the lungs The enorgx xxhich is necessarx 
to perform this xvork is either compie^sed ga^ electricitx, or mus- 
cuiar poxver In accordance xvitli the mode in xxhich the inhalation 
fr?f processes are alleinated, the ventilators are divided 

tVi Their action is thus controlled bx pressure inside 

bv amounts of dehvered gas), and 

annavati c the timer) Practically any inhalation anaesthetic 

"i^nual ventilation of tlie lung^: A reservoir 
mixtnrp^it o a purpose As such a bag is compressed, the gas 

TcSyi r'Sosphtv'“ " 

for^artSlTpnt ventilator ‘RO-6’ (Fig 6) is intended 

for mductinn of the lungs (both controlled and assisted). 

reLscitSrulp?"®"^m^^^ operations or 

L nSle pTu inhalation is actixe xvliile exhalation 

xxuththis annaLtn^^ preparation can be gixen to the patient 

ed by comnressed o-al) ^ ®ntilator is provided xx ith a sucker (operat- 
respiration belns ^ volumeter, and a humidifier Assisted 

pirSmf The preset raS!“' re-establish his spontaneous res- 
ventilationcan bp ^ilf ^ f® maintained automatically Assisted 
system inaintained manually using any type of breathing 

piratory and^mmrS volumes children as xvell, but the res- 

snred, and the resiefanr. t ^ lungs should be accurately mea- 

should be decreased This expiration) 

and non-reSam^ v. L a’’! f « semi-closed system 
dneted tria alteration Of^ -drt.ficial ventilation can also be con- 
rn alternation of positive and negative pressure This helps 
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G -'^H-purposc apparatus foi aitificial lung ventilation {RO-6) 

evpiratory resistance Dead space of the apparatus 
deerpa ^ minimum hy using a non-rehreatlung valve and hy 

svQto ^ volumes of the non-separated portion of the hreathino- 

connectors, etc 

for volume should not exceed 3 ml for a neonate, 10 ml 

he rp infant, and 15 ml for a 6-year-old child It should 

tainM 1 normal gas exchange in a child can he main- 

^idal volume is at least ten times greater than the 
d space of the apparatus 

^re many Soviet-made and foreign apparatus which ensure 
y 1 ■'ventilation of the lungs within a very wide range of tidal 

’mes, breathing rates, and inhalation-to-exhalation ratios 


2 * 
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IU(.LfJ.V'lION‘’ 

Siibst.uuf's n^ed foi juuioMIh' i-i iuPhuotv ‘t<h tU uv r 

IS ronipic^^od r<i'' i.\luidi'i'’ in o.dn tn .uu or . rf . 

safoty rcfiuliUious '-houhi ho 'frifti tolio m • 

Sale conduct in the oporalinj' liuatrt i aiH: tU'Utcl ('pap- 
ment tliat lau piodm** inn ^ no! la n mI lU 

loom^ AH clocdual cquipniorit, v iin !■ i^ it'<i} p. n *!df ».n : - 

neslhotio procedure"', '-lionici lx "'P 'H -proof tyonit-o! !» t-f tno' ntn'i 
clccliic phio^ should he lu'-t.dhd not it)'*! ih t (> ni fro'u ih' fo'"*’ 
level All (onnoitoi-- eledinal plno end " jr. hould h' ii ^ '■t 
U‘=o of open flame (ah ohol hurmr- and Ih' liI < 5 .!■ ti‘ <*ia r t'f, 
loom I'' pioluinfed If elcrtin ( f» '"itl tlor'- n f '! tlnnn ' oie l*on, 

anacslhesi.i should he douo h\ mi' lute - of o ■ >, !» n ilh i isioi ' oxnh . 
halolh.me oi other mm-fiamm.ihio ‘•uh-tam ^ - iW 'a im e no* ' » i 
earth and an}, point of the cut ml shotild not j •> ( < < d 5 i>dn in tt>r' 
mcnls of the ticrsonnol should ho made of matfoi d th.d d<t no* . <*< ' - 
mulate shalic cleclriGitv on them Wool sili f,r • \ idheitc p.'rnKid*- 
are thus excluded The patient and the liorsonufl should cear onl> 
cotton clothes, the footv.car (soles) of the I'ersonnei should in* h all »r 
or antistatic rubber Woann" vnlchc nm: or oiler met loh)f"t« 
IS prohibited Rclatixo hurniditx of air in the room shoult! hr not 
less than GO per cent Die oporalino and anm 'O h -- ia room hnuld li< 
provided with plcnnm-o\hau«l xentii.ition eitsonm’' the motion of 
air in the direction from the len= to the head of the petit nl The 
exhaust opening should he not highei than (lO cm from the Door Ic’. el 
because vapours of other and cxclopiop.me are lieaxiet than air 
Fresh air should bo dclixcicd from top llio renca.l rate should he 
6 per hour Gompres'jod gas cxlindoi slmuld ho handled xsilh care to 
prevent hnochs A special xirench should he used to open the<\lind(^ 
Nexer strike the xaho xxitli the xxroiichl Die (\lindcr=: slionld he 
placed away from heating appliance'; It m prohibited to pump gases 
from one cylinder to another 


TOOLS AIn'D riTTINGS USED TOR A\ trSTIlESI \ 

AKD ARTiriCIAL LUNG VENTILVTION 

Various fittings and devices aie used to ensure tightness hotneen 
the apparatus and the airways of the patient Diosc doxircs include 
face masks, endotracheal tubes, tracheostomx tubes, connectors, 
corrugated hoses and tubes, rubber tubes, rescrxoir bags, and 
others 

Connectors (adapters) are elements that connect the anaesthesia 
apparatus and the endotracheal lube They maj hax o x anou'; dia- 
rneters and shapes Cuived, rather than L- or T-shaped connectors, 
should preferably he used xxnth children 
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7 Endotracheal tubes for children 

t, 7 ( 1 ) plastic tube with an inflatable cuff for right upper lobe bronchus phs- 
lic tube with an inflatable cuff, (3, 4) plain plastic tubes, (5) reinforced tube, 
“-inflating a cuff 
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Fig 8 Endolracheal lubes suitable for use ^\llb neonates 

1 — tube for upper right bronchus, with an inflatable cuff, 2 and 5, plain tubes, 
Cole’s tube, 5— tube foi nasotracheal intubation 

Face masks of various size are now available and it is possible to 
select a mask that would tightly fit the patient’s face to cover only 
the mouth and the nose, thus decreasing the dead space 

Airways are special devices used for inhalation anaesthesia ivith 
a face mask, they are intended to prevent occlusion of the vocal 
slit with the tongue root 

Endotracheal tubes (Figs 7 and 8) are made of special rubber or 
plastics, -with and wuthout inflatable cuffs, with one or two lumens 
Sizes of the endotracheal tubes are given in Table 1 

Tracheostomy tubes are made of metal, rubber, or plastics They 
are manufactured with and without cuffs (Fig 9) 
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10 Laryngoscope for older children 
(<i) with straight and (&) curved blade 


Fig 11 Laryngoscope for infants 
with (fl) strai^it and (b) cuned 
blade 
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Fig 12 Magill forceps 


Laryngoscope is an apparatus used for inspection of the larynx 
and for tracheal intubation The instrument includes a handle "with 
enclosed electric cells, a blade, and an electric lamp Straight and 
curved blades of various sizes (Figs 10 and 11) are available Direct 
laryngoscopy of children is conducted v^ith small blades, or using 


Table 1 Sizes of Endotracheal Tubes Depending on the Child Age 


Age 

Outer dia , 
mm 

Tube length, cm 


Marking 

ioT oral 
intubation 

for nasal 
intubation 

Soviet 

Magill 

Cbarnere 

Neonate 

4 3-5 0 

10-11 

12-12 5 

00 

00 

13-15 

6m 

5 3-5 6 

10 5-11 5 

13 

0 

OA-0 

16-17 

ly 

6 0-6 3 

11-12 

13-14 

1 

1 

18-19 

2y 

6 6-7 0 

12 5-13 5 

14-15 

2 

2 

20-21 

3y 

7 3-7 6 

13-14 5 

15-16 

3 

3 

22-23 

5y 

8 0-8 3 

14-16 

18-19 

4 

4 

24-25 

9y 

9 3-9 6 

16-17 5 

20-21 

6 

6 

28-29 


a special paediatric laryngoscope A skilled anaesthesiologist has 
no problems with using any blade, either straight or curved, but 
a newcomer to laryngoscopy should better use a straight blade 
A Magill forceps (Fig 12) facilitates intubation of the trachea 
1 guide the end of the endotracheal tube through the vocal 

slit The Magill forceps is usually used for intubation through the 
nose 
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^Jg 13 Couveuse for neonates (‘Medikor Hungary) 

Couveuses (incubators) p ° j^a7u7e or infants 

conditions They ore intended for P ^ concentration, air 

who need intensive therapy The j guch couveuses 

humidity, and temperature ore ma n ^ 

A couveuse encloses a cot for on in^a , environment Medical 

parent cover to separate the ohxld from windows 

personnel can conduct minor procedures tbrougn y 

Table 2 Dependence Air puJing” tS^irst 

?nK Sfe 


Body weight, g 


Mean temperature, ®C 

35 SifcO 5 
34 9±0 5 
34 9±0 5 
33 5±0 5 
33 2±0 8 
33 0±1 0 
32 8±1 2 
32 6±1 4 
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in the cover Table 2 specifies temperatures that are lecoramended 
for the initial stage of infant care, the relative humidity of the 
atmosphere in the couveuse being 50 per cent Lower air humidity 

requires higher ambient tem- 
perature 

Tliiee types of couveuses are 
available Couveuses of the 
I 1 first type are intended for 

'1 I 11 incubation of premature neo- 

nates or newborns with small 
“I I body weight (Fig 13) These 

IT are usually used in maternity 

I- houses Microclimate is main- 

c0 ~ tamed in such couveuses and 

PTtfl ~r=!! neonate can also be given 

,.|| 11 ^ oxygen or aerosol therapy 

} 111 mil 1'’“!' Couveuses of the other type 

qOq nre intended for neonates in 

— I critical condition or post-oper- 

ative patients The couveuses 
'„ii H ^ uJl are provided wuth additional 

^ devices and attachments such 

a vacuum sucker, temper- 
atnre sensors, inhaler, etc 
Various manipulations, such 
i'llr ^ ^-ray examination, intu- 

fS' ill] ^ ® I bation of the trachea, artifi- 

jlji|r| , ' „ ^ ventilation of the lungs, 

ll'jl ji j i - || and ^ minor operations can be 

]| conducted on an infant inside 

^ the couveuse 

llii!r%lini 1 1 |Ti 1 M ® 

' ' > veuse IS intended to maintain 

1 1 1^1 ' I the necessary conditions inside 

'Vk I L R during transportation 

i ' (v'~r^r r--v77T^ I/ll cliild in a Critical con- 

^ ^|j|||||||| |j ^^ dition During transportation 

Tj^ |.jjg jjg given oxygen 

„ . , _ or aerosol therapy, infusion 

Pig 14 Castor-mounted resuscitation therapy, or artificial lung 
■apparatus ( PARK’) i V dJ-tiiiuidi luug 

ventilation, his liquid se- 

the resp.ratory and c.rcuIatoTyWtrs t~y caS 

K tf oneT'sinre'tl '=l‘a®her where the baby is placed 

ablf tbp rbfld 1 transparent and easily remov- 

b e, the child can be given immediate aid in case of emergency 


■ I m li 

'0© ?!! 


Fig 14 Castor-mounted 
apparatus (‘PARK’) 


resuscitation 
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15 Resuscilalion unit foi neonates 

^ special device foi accumulation of eneigy can maintain normal 
<^onditions inside the chamber for at least 2 hours in case of acci- 
•lental interruption of energy supply from the mams 
Special resuscitation units should be available for intensive tlier- 
®Py of neonates. The unit should be provided with a heater to 
provide normal temperature, devices foi suction of liquids, apparatus 
ror artificial ventilation of the lungs, a monitoring unit, and other 
devices that may be needed during puncturing, venesection, cannu- 
dtion of veins, laryngo- and bronchoscopy, dressing, etc Castor- 
diounted lesuscitation unit ‘PARK’ (Soviet-made) is used in this 
country (Fig 14) The same principle operates in foreign-made re- 
suscitation units (Fig 15) 
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MONITORING 

The vital functions of children in critical condition <=hould be 
under constant observation This can bo ensured A\ith monitoiing 
devices which follow changes in the EGG, ailenal pre‘'SUie, circula- 
tion of blood, respiiation, body tenipeiatuic, and concentration of 
COg and Og m the inhaled and exhaled air (Fig 10) Special monitors 
are used for transcutaneous determination of owgcn and carbon 
dioxide tension (Fig 17) 

Special devices aie used joi neewate dosinp oj medicinal fluids for 
irtfusion These are drop counters, syringe and peristaltic pumps Tlie 
capacity of these devices can be accuiatelj adjusted in the lange 
from 0 5 to 299 ml/hr (foi a 50-ml s%ringe) llie liigh acculac^ can 
be maintained for long-teim infusions The dcMC 0 ‘- ensure <-terility 
of the infusion system As the syringe is emptied, an automatic 
device switches off the system and emits a light and sound signal 
Peristaltic pumps can he used with children of all ages Their capac- 
ity can be adjusted to any rating within the range from 1 to 
999 ml/hr 

Inlialation tlierapj can be given to childien of an\ age The appa- 
ratus used for inhalation of aerosols includes a mixer, a transparent 
hood or box, and a humidifier Inhalation therapy includes also 
inhalation of electric aerosols of aqueous medicinal solutions and 



Fig 16 Portable electrocardioscope 
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fif,, Transculanoous monitoi foi deleimming oxygen and carbon dioxide 
tension m the blood 


s Inhalers can be used xMth children of any age and in any con- 
ation and are safe for both the patient and the attending personnel 
s 1 w are available in xvliich liquid media, e g xvater, water- 
e able phytoncides, antibiotics, enzymes, spasmolytics, etc , are 
a onnzed by ultrasound ensuring greater therapeutic effect, because 
particles sizing 1-5 pm penetrate the minutest bronchi 


HYPERBARIC OXYGENATION 

Children and adults can be treated with oxygen under excess 
pressure Chambers for infants under 1 year of age have the capacity 
^ litres, and oxygen consumption in them varies between 30 
ad 35 1/min, the pressure that can be attained in these chambers 
® ^0 3 atm The required humidity and constant temperature are 
Maintained m the chamber A provision is made for emergency 
acompression and elimination of CO 2 (Fig 18) 
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EQUIPMENT or AMBLEAN'CD CAR I OR TRAN^^POIir \'nON 
or CHILDREN IN CRITICAL CONDITION 

Transportation of children in critical comhlion a %cr> com- 
plicated problem Special temperature condition^' ‘-lionld be proMded 
inside the ambnlante car (Fig 10) If necessai\ the i hild’^^ lung'^ 
should be artificiallv %ontil.itod and %arioii^ nmnipulatioii’' per- 
formed shoit-tcrm ‘^urgical operation'- included It folio.’ - therefore 
that the ambulance car should he equipped at hm'-t c ith the follov,- 
ing 

1 A cou\eu=e 

2 Oxygen cjlindei'^ ^\lth loducing \ahr-- and a n)i\er \.]icrc 
oxygen ic mixed ■with an 

3 A compies'-ed air c\lindei 


I ig 18 Chambcis for In jitib.uic owKfiKition of jijf,ijil‘- {a} moiiate' (I ] and 
older cbildion (c) 
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^'5 19 Ambulance cai for tiansportation of neonates 
general view, (& and c) inside the car 


^ ^ A monitor to contiol the action of the heart (with skin elec- 
trodes) 

^ A monitor to control hodi'^ temperature (with skin and rectal 

sensors) 

^ An apparatus for measuring arterial pressure. 

' A vacuum pump 

° An air bag with valves and face masks 

^ An apparatus for aitificial lung ventilation with intermittent 
P^^Jtive pressure ventilation and continuous positive airway pressure 
JO A set of endotiacheal tubes with adapters and connectors. 
Jr A laryngoscope with sets of straight and curved blades 
12 A system for intravenous infusions, complete with a shaver 
^®6dles for puncturing veins of the head 
Id A pump with a complete set of systems for intravenous in- 
fusions 


J^ A defibrillator 

, 15. Sterile sets of tools for section of veins and arteries, for cere- 
fospinal and pleural puncturing, tracheotomy 
^-01222 
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16 An apparntns foi aspuahon of fliiuls from Ilia plrur.il caMty 

17 Sterile gloves, singical lools and jnslrnmenl‘-, *-iiturnig ‘•li!., 
cloths, synnges, and g<isliic tubes 

18 Medicines 


Chapter 3 

Anatomy and PhyfoioIo^?y 
of a Child as Related to Anaeslhesioloj[^> 
and Intensive Therap> 

A.natomY <md ph>''iology of a child are dc'-rrihed in detail in 
special te\thool(s, and in this chaplei ‘-hall therefore onl\ di'-cu*--' 
those aspects of childien’<: .uiatonn and pln^-ioloev th.d are e^pc- 
cially important foi anaosthesiolog\ and inton‘'i\ c lhcinp> of children 


NERVOUS SYSTEM 

The anatomical and stiuctural ininiatniilx of the nerxeu** s\‘-iein 
of a child accounts for ccitain functional features of the bod\ that 
should be leniemhered by an anae^lhe^-iologi-^l The insufficient 
dinerentiation of the nerves and the small number of the intcrnouro- 
nal connections explain the inadequate regulating efiect of the torlev 
on the dependent parts of the central nenous s\-,icm Most reflexes 
are therefore reahred through the suhcoitiral foimations fins 
explains the fact that neonates icacl b\ rctlex and storeoUpe 
to various stimuli, including pain, x\ilhoul difierenlialion of iheir 
character or strength The lesponse to acomparatixolyveakslim- 

S goneralired This mainh explains 

tne tendency of infants to de^clop convulsions 

>.v convulsive lesponscs is also explained 

watpr pnTitoifi^ f of the ner\oiis lihres increased 

nrocessps An n loore intensne raelaholic 

S fh? Wnn? f "“®sthesiologist should lememhor that pe^raeablllt^ 

bra n are hl hydrophilic properties of the 

n hyperhydration can cause 

tions ThP Wf? ? ^ v^iTious subsequent complica- 

manifested hv itip^ of Cie central nervous svstem is also 

mam mamfp^JaJ n ^egetatlve nervous s^slem The 

Se^oniS S thp'’ are high labihtv and inade- 

quare control oi the vital functions, such as lesniralmn nin^pnlnr 

and^th^ rTpid^^rf The absence of the functional reserve 

irmamfS iTlZ =5’='™ »£ ‘"tants are mo=l- 

y maniiestecl by various respiratory disorders 

ohta^aefoIZmlSf >"= “"•'-■■e of the special 

aracter ot the infant s psychic properties Persistence of a 2-3 year- 
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‘''^olescent can become a serious obstacle 
PsvcttCn anaoslhotic procedure or other manipulSions 
rst chotheraps and even sedatnes and ataractics are often necessary 

Onh cold of a neonate extends to the 3rd lumbar vertebrL 

nh rl, the 1st lumbar vertebra, 

punct remembered vhcn conducting diagnostic lumbar 


RESPIRATORY SYSTEM 

caMty of a child is narrower than in an 
^ bottom of the cavity is so inclined that the tongue 
ujmacts the posterior wall of the pharynx over a larger surface 
e nasal mucosa is thin iichlj in\ested with vessels, and has no 
'eloped cavernous tissue This accounts foi rare nasal bleedinsr 
10 neonates. 

The larynx of a neonate is comparatively high, at the level of the 
r cerMcal vertebra The anatomical relationships between the 
ongue, the epiglottis, and the larynx are an obstacle to direct 
'^rjngoscopy or intubation, and present difficulties in using a curved 
Alacmtosh blade 

^he narrowest point in the an ways is the trachea at the level of the 
ncoid cartilage The mucosa thickens at this point by 1 mm, e g 
u catarrhal inflammation, to decrease the lumen by 75 per cent in 
^eonates against 20 per cent m older children This explains the 
^pecial danger of oedema of the mucosa in infants, which can cause 
^mplete obstruction of the airAvaj's 

ilie right bronchus is thicker and shorter and is continuous with 
'6 trachea If a tube is passed deeper than required, it usually gets 
■j 0 the right mam bronchus The angle betw^een the bronchus and 
f^schea IS usually the same in children and adults 
-tne ratio of the anatomical dead space to the tidal volume is about 
j ® same (0 3) in humans of all ages But the absolute volumes in 
ntants are low' and this provides conditions for a dangerous increase 
D the share of the dead space during anaesthesia or artificial lung 

ventilation. 

,'^be lungs of a neonate are rich in connective tissue, they are 
Plethoric and less elastic than in an adult A neonate born at term 
about 24 million alveoh and their number is tripled by the third 
month. (An adult has 296 million alveoli ) The diameter of an alve- 
mus in a neonate is 5-6 times smaller than in an adult The overall 
°5®'®^change surface in an adult is 20 times as great as in a neonate, 
^nich agrees with the ratio of weights of an adult and a neonate 
in ^0 understand that even a small amount of liquid secretion 

" the alveoli impairs the respiratory function 
Eung capacity. In order to characterize the respiratory function, 

® total lung capacity (the volume of air contained in the lungs at 

3 * 
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the end of a maximal inspiration) is divided into some static volumes 
and capacities The volume of air which is inspired and expired in 
normal quiet breathing is called the tidal volume. The volume of 
complemental air that can be inspired after a normal inspiration is 
called the inspiratory reserve volume The expiratory reserve volume 
IS the supplemental air that can be expelled from the lungs after 
a normal expiration The volume of air that remains in the lungs 
after a maximal expiratory effort is called the residual volume The 


volume of air that can be expired from the lungs after a maximal 
inspiration is called the vital lung capacity The residual lung 
capacity plus the expiratory reserve capacity is the functional 
residual capacity The tidal volume plus the inspirator} reserve 
volume IS the inspiratory capacity The functional residual capacity, 
the vital lung capacity, and the total lung capacity characterize 
mainly the mechanical properties of the lungs Maintenance of the 
optimum gas composition of the alveolar air is mainly connected 
with the ventilation volume and the functional residual capacity of 
the lungs because the gas exchange is intensified with enlargement 
of the functional residual lung capacity 

In order to distend the lungs during the first inspiration of a neo- 
nate, the air pressure of 6-8 cm HjO should be created inside the lungs 
Ihe pressure drops to zero at the end of expiration but part of air 
remains in the lungs creating the functional residual volume All 
su sequent inspirations do not require this high pressure because the 
lungs now remain partially distended at rest 

residual capacity of the lungs depends on the 
interaction of tv o forces one of which tends to distend the lungs 
(expansion of the chest) and the other force accounts for the tendencv 
ot the lungs to collapse A state of equilibrium is established after 
^normM expiration the pressure in the pleural cavity is about 

b cm H2O m older children and in adults, in neonates this pressure 
is —1 or cm H2O 

di^Pa^p^S’ intervention, distension of the abdomen or 
organs pulmonary volumes Since the 

S rpli^fpl . cavity can change their position, the func- 

thp nmno 1 apacity of the lungs is smaller when a person is in 

The funrtinLf°'^^^a Sitting or standing position) 

disea^e^of capacity decreases also in patient! with some 

decreasme- ela^tipitf^ associated with respiratorv disorders due to 
the functfnnal rpci/ *1 pulmonary tissue Quite the reverse, 
by suasms nf tbp a capacity increases in diseases characterized 
as is^thTca^P associated with formation of ‘air traps’, 

?al canacTtv Tf a Moreover, the functional remd- 

and carbon din\TrIp f diininishes the variations in oxygen 

cycle while the air ra blood during the respiratory 

ycie, while the air remaining m the lungs after expiration prevents, 
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in 0 certain measure, the collapse of the nKeoli Transpulmonary 
pressure of 4-5 cm H/,0 is sufficient to maintain noimal tidal volume, 
v.hilo the pressure required to expand collapsed lungs, e g. after 
thoracotomy, is about io-25 cm ILO 
Lung \cn(ilntion. Pulmonarj ^cnlllntIO^ is a volume of gas 
dolnered into the ain\a\s per unit time A normal inspiration is an 
actne process roahred by contraction of the diaphragm, intercostal 
and (during exorcise) accessory muscles. A noimal expiration occurs 
due to a spontaneous contraction of the lungs, the chest, and relax- 
ation of the diaphragm Cxpiration of neonates, ei en at rest or during 
sleep, is an acti\c rather than passu e process in vhich flexor muscles 
of the spine, the inlcrco'^tal and the abdominal muscles are 
in\olYcd 


Tlic compa^ati^ cly high respiratory rate of a neonate (34 per 
imnuto) can bo explained lu the tendency of tlie bodj’^ to equihbiate 
the respiratory rale and the tidal \olunieso that the oxygen demand 
nnghl bo mot vilb the inininnim energy consumption 
Enlargement of the tidni volume during exercise oi in pathological 
conditioiu IS limited in a neonate due to the horizontal arrangement 
of tlie ribs the chest is constanlI\ in the position of inspiration and 
the dinpliragin is lugli. The minute %enlilation of the lungs in inf^ts 
therefore increases mainly duo to accelerated respiratory rate The 
'^'ork of breathing in an adult increases by' 50 per cent with doubled 
respiration rale, vlule a healthy' neonate can increase the respiratory 
rote to 60 per minute without substantial change in the work ot 
breathing But a further increase in the respiration rate markedly 
increases the energy consumption and soon causes decompensation 

nf the respiratory function , , , 

. Only part of air inspired into tlie lungs is involved m gas exchange 
because only pait of the inhaled air enters the peifused alveoli 
The alxGoiar ventilation is therefore the vital characteristic of gas 
exchange occurring in the lungs The remaining part of the total 
gas exchange is de^ad space. The total (physiological) dead space is 
Usually classified os anatomical and alveolar dead space 
Anatomical dead snace is the volume of airw'ays Normally it is 
tidal volume and is well correlated with 
findings The volume of the anatomical dead 

various pathological conditions depending on the 

of airway obstruction and inflammation m the 

clogist should remember that some Pharmacological preparations 
(atropine, ammophylhne) and anaesthetics can also change the dead 
space . ,, 

^ Since the absolute volumes of dead sP^ce f e smU m in^^^ 
anaesthesia apparatus and respirators should he se ec 
ally even insignificant enlargement of dead sp 6 

ainiinisli the alveolar ventilation 
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Fig 20 Gas diffusion through the 
alveolar wall 


The difference between functional and anatomical dead space is 
alveolar dead space The alveolar dead space is very small in a healthy 
individual and the physiological dead space is therefore practically 
equal to the anatomical dead space The alveolar dead space is 
enlarged during ventilation of non-perfused alveoli, e g in embolism 
of the pulmonary artery, or in cases of marked prevalence of ven- 
tilation over perfusion The most common causes of enlargement 
of dead space are haemorrhages and hypotension part of the ven- 
tilated alveoli are not perfused due to redistribution of the pulmonary 
circulation Another cause of enlargement of dead space is increased 
mean pressure in the airways, e g in artificial lung ventilation or 
spontaneous respiration with positive end expiratory pressure and 

the presence of sites with very high ventilation-perfusion ratio 
in the lungs 


diffusion in tlie lungs Passage of gases through the alveolar- 
capillary membrane obeys the laws of diffusion (Fig 20) The amount 
of gas passed tlirough the lung membrane per unit time, i e the 
diffusion rate, is directly proportional to the difference of partial 
pressure of the gases separated by the membrane, and inversely 
proportional to the diffusion resistance Resistance of gas diffusion 
in the lungs is characterized by its reciprocal conduction, which 
IS called diffusion capacity of the lungs This is the amount of gas 
passing through the alveolar-capillary membrane per minute, the 
difference between the partial pressure of gases separated by the 
membrane being 1 mm Hg The diffusion capacity is proportional 
0 the lung capacity Consequently, not the absolute figures char- 
acterize the diffusion capacity in paediatric practice but their 
relation to the functional residual capacity, this characteristic is 
about the same in children of all ages 

Disturbed gas diffusion between air and blood is usually important 
Gxchange since the solubility of oxygen and its diffu- 
j 0^ carbon dioxide Further- 

hnomnSr completed when oxygen combines with 

<-onl of^ thP established that this stage is about 50 per 

n i. ^ diffusion resistance 

lur ances in the diffusion capacity of the lungs caused by 
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impaired permeability of the alveolar-capillary membrane occur 
in patients witli oedema of the lungs, in hyaline membrane disease, 
inteistitial pneumonia, and some other diseases But more pro- 
nounced disorders in the diffusion capacity occur with decreasing 
surface area of effective gas exchange, eg in conditions following 
vast resection of the pulmonary tissue, and more frequently in 
severe disturbances of the ventilation-perfusion relationship 
Ventilation-perfusion relationship. The efficiency of pulmonary 
gas exchange depends not only on the absolute values of the alveolar 
ventilation or pulmonary blood flow but mostly on the relationship 
between these two \alues During the first day of life perfusion oi 
the lungs prevails over ventilation Later, the overall ventilation- 
perfusion ratio becomes the same as in adults 0 8 Three variants 
of ventilation and blood circulation can be shown schematically as 

follows QX 

1 The alveolar ventilation and blood flow are even = U b). 

In this case the blood flowing from the alveoli has the normal gas 

cornp^smon^tion over blood flow {yJQ > ^ f ^ 

during hyperventilation of the during norma 

ventilation with decreased blood flow The flowing from 

alveoli contains normal amount of oxygen and decreased amount ot 

^?°Alveola^ ventilation is less than blood flow {V JQ < 0 8) 
This situation is possible with decreased 

blood flow, or if the blood flow increases over normal values ^rteria 

hypoxaemia develops under these conditions 

carbon dioxide in the arterial blood usually remains normal due 

anaesthesia the overall and regional 
ventilation-perfusion relationships change n P £ 

causing these changes is a prolonged motio p natient 

patient during operation The vital lung , nntntion^of the 

decreases by about 8-10 per cent due to e g p 

lung ventilation, inhalation of hyperoxic breathing 
mixtures, anaesthetics, muscle relaxants, a^d some other medicines 
are also ^ery important for the 

be noted that artificial lung ventilation and t P , distribution 
ent during operation are essential niostly for „ ^ mostlv on the 
ot oentilltion. and anaesthetics have their efiect mostly on the 

'TntaonTv''perfusion can be disturbed following massive blood 

trrnsSrpUogenesis of these disorders f 

obstruction of the pulmonary ^ -f ,es thrombo- 

formed elements of the blood (erythrocytes, leucocytes, throm o 
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cytes) These are always contained in the ‘old’ blood but they can 
also be formed inside the vessels, especially in hypotension and 
shock These disorders occur in gas and fat embolism 

Distribution of pulmonary blood flow can undergo substantial 
changes m decreased pressure in the pulmonary artery Alveolar 
perfusion in the upper parts of the lungs is discontinued and the 
alveolar and physiological dead space increase Pressure in the pul- 
monary artery can decrease due to administration of ganglioblocking 
preparations and due to decreased volume of circulating blood (in 
profuse bleeding or loss of liquid) 

The utmost disturbance of the ventilation-perfusion ratio is intra- 
pulmonary arteriovenous shunting This occurs in complete discon- 
tinuation of alveolar ventilation with unchanged blood flow Ven- 
tilation discontinues and atelectases develop mostly during bronchial 
occlusion, early expiratory closure of the airwaj^s, or primary col- 
lapse of the alveoli associated with decreased surfactant level 
Whichever may come first— the alveolar collapse or the expiratory 
closure of the airwajs, atelectasis occurs finally, because the gas 
trapped in the alveolus diffuses into the blood in all cases The rate 
at which the alveolus collapses depends on the character of the gas 
filling it. This rate is several times higher during breathing pure 
oxygen or helium-oxygen mixtures than during air breathing 
Surface tension and surfactant The stability of the pulmonary 
alveoli is maintained by a surfactant, which is synthesized by mito- 
chondria of the alveolar epithelium The surfactant is a complicated 
lipoprotein, which equilibrates the forces of surface tension, thus 
preventing collapse of the alveoli As the diameter of the alveoli 
decreases during expiration, the layer of the surfactant thickens 
and it thus resists more actively the surface tension forces When 
the alveoli expand, the surfactant layer thins and its activity lessens 
Neonates are very sensitive to the surfactant system insufficiency 
The diameter of the alveoli in a neonate is several times smaller than 
in an adult and, according to the Laplace law, the surface tension 
increases with decreasing volume of a bubble, and the easier the 
bubble collapses 

Surfactant deficiency may occur in various pathological conditions, 
such as hypoxia, upset microcirculation in the lesser circulation, 
marked reduction in the cardiac output, etc The surfactant is 
inactivated by hyperoxic breathing mixtures, aspiration of the stom- 
ach contents, and some toxic substances 
Mechanics of hreathmg The gas exchange between the alveolar 
air and the environment is normally effected by rhythmical con- 
tractions of the respiratory muscles The muscular effort determines 
he volume and rate of gas movement, the relationships between 
hese indices can, therefore, be described using the laws of mechan- 
ics Movement of air along the airways meets the resistance of 
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two types the elastic and non-elastic (aerodynamic) resistance. 

The term ‘compliance’ is used in clinical physiology to characterize 
the elastic properties of the lungs and the chest, which is the recip- 
rocal of elasticity Compliance {C) is determined as the change of 

volume per unit of pressure change C — ^ and is expressed in 

litres per 1 cm H 2 O Compliance changes significantly with age 
compliance of a new-born is 0 004 1/cm HgO and of an adult, 0 15 1/cm 
H2O 

Compliance depends on the morphological properties of the lungs- 
and the chest, the volume of blood in the pulmonary vessels, the- 
tone of the thoracic and abdominal muscles, the amount of the lung 
tissue involved in the gas exchange, and the bronchial tone Com- 
pliance decreases with deci easing airiness of the pulmonary tissue 
and formation of micro-atelectases Changes in compliance are even 
more pronounced in hyaline membrane disease, lung oedema, at- 
electases, and the shock lung syndrome 

Non-elastic, or aerodynamic, resistance is determined by the 
pressure difference which is required to ensure a given air flow rate 

cm HaO/d/s) 

Aerodynamic resistance depends on the length (/) and radius {rf 
of airways and also viscosity of gas (t]), the relationship between 
these factors is expressed by the Poiseuille formula 



It is evident that the radius of the airways is the most important 
factor for the aerodynamic resistance, and that resistance, therefore, 
depends on age too The mam cause of increased resistance are con- 
ditions characterized by spasms or obstruction of the airways These- 
conditions are croup, bronchitis, bronchial asthma, and the like 
The aerodynamic resistance can increase significantly dming 
anaesthesia if artificial airways are used (endotracheal tube, artificial 
respiration apparatus) All these factors increase the work of breath- 
ing 

Other functions of the lung. Apart from the gas-exchange func- 
tion, the lungs perform some other very important functions as well 
The lungs are, first of all, a filter that purifies the blood from patho- 
logical matter such as cell aggregations, fibrin clots, etc Owing to 
the presence of enzyme systems, these impurities are retained in me 

lungs and metabolized , , i ^ " j 

The lungs also perform an important role in the coagulatiMand 
anticoagulating systems of the blood Heparin and thromboplastin 
are produced in them In addition to heparin, the mast cells or the- 
alveoli produce some biochemically active substances, mainljr 
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histamine, which is involved in regulation of perfusion of the lungs 
and other organs Vasoactive kinins, whose content dramatically 
increases in shock and septic conditions, are inactivated in the lungs 
Epinephrine passes through the lung filtre, while norepinephrine is 
retained and destroyed in the lungs Hypothermia and deep anaesthe- 
sia can decrease the norepinephrine-inactivating power of the lungs, 
thus causing spasm of peripheral vessels and microcirculatory disor- 
ders Being an elastic reservoir, the lungs are a very important organ 
regulating the circulating hlood volume and maintaining continuity 
•of blood flow 


CARDIOVASCULAR SYSTEM 

The pulmonary hlood circulation in a foetus is very small, it is 
10 per cent of the right ventricle output The blood saturated with 
■ovygen is delivered from the placenta through the umbilical vein 
-and the venous ducts into the inferior vena cava where it combines 
with a small portion of blood outflowing from the lower extremities 
and the abdominal organs The blood further enters the right atrium, 
passes through the foramen ovale into the left atrium and then 
through the left ventricle into the aorta The greater portion of the 
pulmonary blood flow bypasses the lungs (from the right to the left) 
through the ductus arteriosus since the pulmonary vascular resistance 
IS much higher than the systemic As the first breath is taken and 
;Bie umbilicus is compressed, the pressure in the right atrium falls 
^+1 ^oiiary blood circulation thereby increases and the pressure 
in le e t atrium increases too, as a result of which the foramen ovale 
IS closed functionally Increased partial tension of oxygen in the 
arterial blood the fall in the GO 2 tension, and the rise in the pH 
decrease most effectively the pulmonary resistance 

llie lunctional closure of the ductus arteriosus in a healthy neonate 
occurs in 10-15 hours following birth But the anatomical closure 
•estabhs^md' which normal ‘adult’-type circulation is 

hypoxaemia, hypeicapnia, acidosis or 
constrict the vessels and increase vascular 
-ovnl^ r Non-closed ductus arteriosus and the foramen 

oxaemn tr. again In the presence of severe hyp- 

the anatom,??!^ cardiac output can be bypassed through 

■arlerioaus'i shunts (50 per cent through the ductus 

or congemlal d.ap“ agSaUc herma°“ membrane disease 

Containing high concentration of oxygen, 

decrease' livnerfpnQ blocking agents, such as tolazoline, 

closure of flip ^ Issser circulation and promote functional 

Thrhear vPtr the foramen ovale 

Heart rate of a neonate is quite stable Sinus arrhythmia and 
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high variation in the pulse rale are quite frequent in infants but 

serious arrlulhmias are rare .i 

The arlcnal prcsbuio in infants is much 

A health! neonate has a sjslolic pressure between 65 and 70 mm Hg, 

increases bv 10-15 mm Ilg during the fiisttwoMeehsof life ^^thoi^gh 
it IS difficult to mea‘=ure arterial Pressure in neonates, an anaesthe- 
siologist must remember that infants tend to develop shock due to 

.3 n.g>.cr 

an inl.ml cr.os Atropino premod.cauon ''f 

(0 170-n0 per niiniito Immoilialely ailer birth the card ttp t 
IS dOO-500 ml/hg per minute, it then decieascs ™ !.] 

penod The ontput of (he left .ontr.cle (s [““V; f'' lb tV op“ 
right \cnlricle liecause part of blood is ^ g closed, the 

oval foramen and the arterial canal ^\ hen per minute) 

outputs of holh ventiiclos become equal 

The volume of circulating blood in a f X wa aht durS^ 
than in an adult It is 10 per cent of the b > jg- ^ year of age it 
months of life (80-110 nil/kg), ;ivlulc in ^fX .^g^gVgg^pXs^ 
isS 5 per cent, and in children of preschool e g , 350-400 ml, 

the total volume of blood m a neonate d adult, 

a loss of 50 ml of blood corresponds o « ^ ^ /Sufficient 

The capillary system of artmSes and precapiUary 

development of muscular elements thorefore the mainregu- 

splunctcrs Arteriovenous anastomose conditions, the blood 

lators of the peripheral ra t^ahzed while microcirculation 

circulation m neonates is usually contralizeu, wm 

and tissue blood supply are disturbe , than of an adult 

Oxygenation of blood of a neonate is 
because the haemoglobin /intent of a on concentration during 
foetal haemoglobin prevails in neona ^ second 

the first day of life ts ahout 70 per »nt “d 

week it decreases to 50 per cent ^g^g readily and gives 

affinity for oxygen it combines witl yg haemoglobin is readily 
It oft mth greater difEculty Moreover, foetal haemogioo 

converted into methaemoglobin 

urinary system 

Table 3 gives mean volumes of urine g^g^\ted”urine ^during 

of various ages The absolute yXefdLease Table 4 

24 hours increase with age, while the r daily urinary excretion 

shows absolute and some relative values of daily u 
in infants and children 
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Table 3 Volumes of Urine (single micturition) 
Depending on Age 


Age 

Excreted urine, ml 

to 6 m 

30 

1 y 

60 

3-5 y 

90 

7-8 y 

150 

10-12 y 

250 


Table 4 Daily Absolute and Relative Volumes of Excreted Urine 


Age 

Absolute 
volume, ml 

per kg bod\ 
weight, ml 

per sg m of body 
surface, ml 

1-3 d 

0-96 

0 30 

to 480 

4-5 d 

1-217 




6-12 d 

1-355 

54 

810 

1-6 m 

170-670 

39-98 

694-1836 

7-12 m 

175-810 

21-81 

565-1840 

1-5 y 

600-900 

45-60 

1169-1364 

6-10 y 

700-1200 

35-39 

909-1091 

10-14 y 

1000-1500 

30-32 

909-1000 


It has been established that the kidneys of neonates and infants 
under 1 year of age are immature anatomically and functionally 
borne renal functions become comparable with those of adult kidneys 
(or equal to them) only at the age from 6 months to one xmar In 
some respects the renal function becomes adequate only by the age 

of two years Table 5 characterizes the renal function of children of 
various ages 


Table 5 Functional Characteristics of the Kidneys 


Age 

Rate of glomerular 
filtration, 
ml/minyl 73 m2 

Maximum concen- 
trating power in 
dehydration, 
mOsm/1 

pH 

Premature 

Neonates 

2-40 

190-680 


1-2 d 

4-12 d 

15-30 d 

2 m-1 \ 

1 >-5 y 

6-12 y 

8-42 

20-60 

30-90 

42-160 

100-235 

88-170 

180-650 

200-1100 

400-1330 

400-1510 

400-1430 

4 9-6 8 

5 5-7 4 

5 3-6 6 

4 9-7 3 

5 3-6 7 

5 7-6 8 
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Chronic diseases of the kidneys occur less frequently m children 
than in adults Acute renal failure is also less frequent in children 
and it converts less frequently into chronic renal failure The prog- 
nosis of infectious allergic diseases of the kidneys is better m children 
than in adults Glomerulonephritis of streptococcal aetiology ends 
in complete recovery in about 95 per cent of the cases 


GASTROINTESTINAL TRACT 

The tongue of a neonate is short, thick and broad, which may 
interfere with intubation of the trachea or during laryngoscopy By 
the end of the first year of life these features of the tongue disappear 
which IS probably connected with discontinuation of breast-feeding 
Appreciable salivation is established by the 4-6th month of life, 
which commonly coincides with the time when an infant is intro- 
duced to mixed feeding 

Anaesthesia, intensive therapy and resuscitation manipulations 
may be connected with intubation, and the anaesthesiologist there- 
fore must know the structure of the oesophagus The dimensions of 
the oesophagus are therefore important (Table 6) The distance from 
the teeth to the cardia can be calculated using the following f(n- 
mula 1/5 X body length (cm) -{-6 3 (cm) = the length of the 
oesophagus (cm) 


Table 6 Dimensions of the Oesophagus 
Depending on Age 


Age 

Lengtli, cm 

Diameter, cm 

Neonates 

10 

0 7-0 8 

1 y 

12 

1 0 

5 y 

16 ) 


10 V 

18 1 

1 2-1 5 

15 y 

19 J 



The cardial sphincter of a neonate is weak phy^ologically, while 
the muscular layer of the pylorus is powerful This accounts for 
regurgitation and vomiting, and should be remembered when con- 
ducting general anaesthesia and administering muscle relaxants o 
neonates the regurgitated material can be aspired by the neonate 
and cause severe complications, such as aspiration pneumonia 
Lethal outcomes are possible Regurgitation can also be ue o 
specific configuration of the stomach Although the stomach shapes 
are not constant, the stomach position is usually , , , 

The capacity of the stomach increases with age till the cniiu 
grows 1 or 2 years old Later growth of the stomach depends not 
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Table 7 Capacity of the Stomach 
in Infants 


Age 

Capacity, ml 

Neonates 

30-35 

3 m 

100 

1 y 

250 


only on age but also on the eating habits The capacity of the stomach 

IS given in Table 7 ,, , i 

The values are only tentative, especially for pathological con 
ditions For example, in obstruction of the upper portions ot tne 
intestine, the capacity of the stomach can increase 2-5 times 
The motor function of the stomach in normal conditions depends 
on the character of nutrition and also on the neuroreflex impulses 
The high activity of the vagus and the splanchnic nerves 
stimulates spasm of the stomach and the pylorus, respectively. 

WATER-ELECTROLYTE METABOLISM 

Body weight, surface area and energy metabolism units are the 
mam criteria for assessing the condition of the water electrolyte 
metabolism The body-weight unit is the most convenient for prac- 
tical assessment of the metabolism, especially in infants to 5 years 
of age 

Absolute water content of the infant body increases with age (to 
comply, to a certain degree, with increasing anthropometric indices) 

The relative content of water is higher in infants and it decreases 
with age This decrease is especially marked during the first six 
months of life, later the decrease becomes less pronounced As an 
infant grows to the age of 2 or 3 years, his relative water content 
becomes the same as in an adult Table 8 characterizes the water 
content with respect to the body weight of children 


Table 8 Water Content of a Child’s Body 


Age % 

of bod> weight 

Age 

1 

% of hod^ weight 

0-1 d 

79 0 

1-2 y 

58 7 

1-10 d 

74 0 

2-3 y 

63 5 

1-3 m 

79 3 

3-5 y 

62 2 

3-6 m 

70 1 

5-10 y 

61 5 

6-12 m 

60 4 

10-16 y 

58 0 
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For convenience of assessment of the water-electrolyte metabolism^ 
water (fluid) spaces are distinguished in the human body The mam 
are the extracellular and intracellular spaces The extracellular 
space also includes the intravascular space, in which water is thu 
main component It is a solvent for the ions and proteins and also- 
the medium for dispersion of suspended cells of blood 

The absolute volumes of blood, plasma, and erythrocytes increase- 
with the growth of the infant, while the total amount of blood and 
plasma changes insignificantly with respect to the overall weight 
of the body The amount of blood relative to the body weight vanes 
in children (except neonates during their first day of life) between 7 S 
and 9 1 per cent The total amount of blood may be 11-13 per cent 
of the body weight during the first day of life The amount of plasma 
IS even smaller 4 6 to 5 1 per cent of the body weight 

Water exchange between tlie body and the environment The equi- 
librium between the water uptake and withdrawal is decisive for 
the stability of the water exchange between an infant and the environ- 
ment The amounts of liquid taken and discharged are different in 
infants, which is normal and is explained by the growth of the body 
This difference accounts for 65-70 per cent of the daily weight gam 
of an infant This phenomenon is especially pronounced during the 
first SIX months of life, during the period of most intense growth 
of the infant’s body Water is uptaken m two forms as free water 
of food (for example, breast milk contains about 87 per cent water) 
&nd as bound water, i e water which is formed during oxidation oi 
nutrients This water is also called endogenic, or water of combustion 
(metabolic water) It has been established that excretion of 
from the body is proportional to the amount of energy released by 
the body Infants lose 45 ml of water through perspiration and 
exhalation per each 100 kcal of released energy, this figure is ZU-ZZ ml 
in 16-year-old children, water lost from the body with the urine is 
50-75 ml and with faeces, 5-10 ml The amount of water lost with 
perspiration is from 0 to 25 ml (depending on the temperature, of 
the body and the ambient temperature) per 100 kcal of r^ie^ed 
energy The water of combustion (metabolic water) is 1/ ml i 
mean demand for water is thus about 100 ml per 100 kcal 

The relative water demand with respect to the body ^ 

differs significantly m children depending on their age lahie y 
gives data on mean water demands depending on age Variations 
of water demand with the size of the body surface area are less pro- 
nounced , , X A 

The ionic composition of body fluids The fluids of t e ox ra on ^ 
intracellular spaces of the body vary significantly in i 
position and concentration of the ions Sodium is the ma 
of the extracellular fluid, while potassium of the 
The concentration of the chloride ion is the highest in the extra- 
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Table 9 Water Demands Depending on tbe Age of a Child 


Age 

Water demand, 
ml/kgyda> 

Age 

Water demand, 
ml/kgxda> 

1 d 

20-30 

9 m 

125-145 

2 d 

30-40 

1 y 

120-135 

3 d 

40-60 

2 y 

115-125 

4 d 

60-80 

4 y 

100-110 

5 d 

90-110 

6 y 

90-100 

6 d 

115-125 

10 V 

70-85 

7 d 

140 

14 y 

50-60 

7 d-3 m 

140-160 

18 y 

40-50 

6 m 

130-155 




cellular fluid Magnesium stands the second, after potassium, in 
the list of cations contained in the intracellular fluid, while its 
content in the extracellular fluid is very low The mam anion of the 
extracellular fluid is the chloride ion, while organic phosphates and 
proteins are the mam anions of the intracellular fluid. Table 10 
gives concentrations of the mam ions m the extra- and intracellular 
fluids of the body. 

Table 10 ^ncentration of tbe Main Ions in the Intracellular, 
Extracellular and Interstitial Fluids (mmole/litre) 


Ion 


Bod^ Fluid 


Extracellular Intracellular Interstitial 


Sodium 

Potassium 

Magnesium 

Calcium 

Chloride 

Bicarbonate 

Protein 

Organic acids 

Sulphate 

Phosphate, monosubsti- 
tuted 


135-145 
3 8-5 5 
0 5-1 5 
2-2 o 
105-110 
20-25 
16 
6 

0 5 

1 0 


10-25 

130-150 

15-20 


8-12 

65 

6 

12 5 
50 0 


135-145 
4 5-5 5 

0 5-1 0 

1 5-2 0 
110-120 

25-30 


0 5 

1 0 


cauVvarx w^th^th^p ^ that the concentration of ions does not practi- 

tlie tabuhted data -frp^ significant deviations from 

tot.nn fp possible in neonates during their adap- 

aSd " th vnnnn?? deviations are associ 

Uirition c wlctor n? condition before par- 

pregnancy and labour, the general reaction of 
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change of the environment, the mode of feeding, 
during adaptation, etc ^ 

Mam ion demands The d emands for the mam 10 ns per unit weight 
01 the body decrease slightly with increasing age The normal sodium 
a neonate is 3-5 mmole/(lcg/day) and it decreases gradually 
to 2-3 mmoIe/(kg/day) in 5-10 year-old children, while this demand 
tails to 1 mmole/(kg/day) in 13-14 year-old children, which is about 
tne same as in adults 

The daily potassium demand is 2-3 mmole/kg for a neonate, 
mmole/kg for 6-12 months to 8-12 year-old children, 1 5 mmole/kg 
tor children during their prepubertal and pubertal periods, and 
1 mmole/kg for adults The chloride ion demands are met practically 
®^t^ttaneously with potassium and sodium demands 
Osmosis and osmotic pressure. The selective passage of solvent 
iiuman body) through a semipermeable membrane is 
called osmosis Osmosis depends on osmotic pressure, which is pro- 
portional to the concentration of the solute, the absolute temperature, 
tne permeability of the membrane to a given solute, and the effective 
concentration of this solute in solution Osmotic pressure of a solu- 
tion, whose solute molecule falls into several particles (electrolytes) 
oepends on the number of particles into which the solute molecule 
laUs during dissolution 

The main osmotically active substances of the extracellular fluid 
^o:e sodium, chlorine, the bicarbonate ion, and anions of organic 
acids Molecules of some other substances, e g glucose and urea, 
are also important Their concentration can increase significantly 
^ some pathological conditions, e g diabetes mellitus, renal failure 
vJsmotic pressure of intracellular fluid is determined by concentration 
of potassium, magnesium, phosphate, and small uncharged molecules 
Osmotic pressure created by very large molecules, e g of protein, 
man-made polymers, is called oncotic pressure Normally the oncotic 
pressure depends on the presence of proteins It is small and averages 
0 03-0 04 atm Under normal conditions, the vascular wall is imper- 
meable to proteins, and therefore the interstitial fluid has practically 
no oncotic pressure The difference in protein concentration gives 
an insignificant gradient in osmotic pressure between the plasma 
and the interstitial fluid, but is very important for the water exchange 
between these fluids 

Common instruments fail to detect differences in osmotic pressure 
of fluids in the body cavities The pressures of the extra- and intia- 
oellular fluids are, therefore, considered to be equal 
Osmotic pressures of solutions are compared (without determining 
fbem) by their osmolar concentration 

Osmolanty of body fluids Osmolarity, 01 osmolar concentration, 

IS the concentration of osmotically active particles in solution Tlie 
Unit of osmolarity is osmol Osmol=C' iiiolexu, where C is the 
01222 
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amount of solute, and n is the number of particles into ^^lllch a mole- 
cule of the solute dissociates For non-dissociating substances n ~ i 
A thousandth fraction of osmol is commonly used in practice 
A milliosmol (mOsm) = C mmole x n 
The osmolar concentration corresponds to the number of milli- 
osmols per unit mass or volume of solution Osmolarity can be used 
for rough calculations of osmotic pressure of various solutions and 
for comparison of osmotic pressure of solutions and fluids Osmolar 
concentration of body fluids varies within a narrow range For the 
mam fluid spaces it normally varies between 285 and 310 mOsmhitre 
The mean osmolarity of neonates and infants (to 1 year of age) 
varies within these limits but their maximum values may \ arj' v ithin 
a wider range The variation range of a 2-yeai-old infant falls vithin 
the specified limits 


ACID-BASE BALANCE 

The acid-base balance of the internal medium of a body is an 
important characteristic of homeostasis It is determined by the 
ratio of concentrations of some substances imolved in maintenance 

acid-base balance, and also by the function 
01 me excretory organs, especially of the lungs and the kidneys 
ihe mam characteristic of the acid-base balance is the reaction of 
me liquid nmdia of the body characterized by the hydrogen ion con- 
en ra ion The active reaction of the body fluids is normally main- 
of narroAv limits m children of all ages A normal neonate 

excretes and neutralizes at least 30 litres of hydrogen It should be 
ctroto connection that the mam function of the acid-base 

proce^es^ neutralization of hydrogen liberated during oxidation 

IS the hydmgen ion m the plasma m a normal body 

SntmSnn , For convenience, the hydrogen ion con- 

('nHl Normal ^Fe negative logarithm of its reciprocal 

of% at ^ 7 ^5 The maximum values 

priate’ treatmPTit ^ f which can be reversed by appro- 

priate treatment of children, are 6 8 and 7 8 

contamin^a ^ai ^^®or couple, or simply a buffer, is a solution 
solution due to H conjugated base, which is formed m 

Sevens S^arbe/r^'f^ The presence of a buffer 

alkali are added solution when an acid or 

concentration nf and ^ hufier properties are observed with the 
of the dissociatinn o^^csponding to the logarithm of the reciprocal 

m tt human ^^^Fonic acid 

by the Henderson-HasselbJlcreqSion^^ 

PH^pK-Mog--^. 
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Under normal conditions the concentration of HgCOs is 1 2 and 
of the HCO 5 ion, 24 niniole/1 Then 

pH = pK + log -^=6 10 + log 20 = 7.4 


The ratio of concentrations of carbonic acid and the bicarbonate 
(mainly sodium bicarbonate NaHGOs) in the extracellular fluid 
determines its pH 

The bicarbonate system is Uie mam buffer it is 53 per 

cent of the overall buffering power of the blood But the human 
body has other buffers the phosphate buffer (its buffering 

power IS low even if the oiganic phosphate is also considered) and 
the albumin buffer in which both the plasma albumins ^ nih um m 


and albumins of erythrocytes ^ ® 

a univalent cation, e g sodium 01 potassium cation) are invohed 
The active reaction (pH) of the body can be altered only by sub- 
stances in dissociated rather than in their molecular state Acids 
dissociating almost completely (HCl H"' + Cl") and giving many 
free hydrogen 10 ns aie strong acids and can shift the pH to the acid 
side Weakly dissociating acids (H 2 CO 3 H"*" -k HCO3) are in 
their molecular state in the body and cannot cause considerable 
changes in the pH Likewise, theie are strong and weak bases 
All buffer systems are mixtures of weak acids and allmline sans 
of these acids Their dissociation is insignificant and when in the 
human body, they do not alter the pH, and the body can therefore 
hold them in store 

The mechanism of action of all buffer systems consists in conversion 
of all strong acids or bases, -which may be uptaken by the body irom 
outside or generated inside the body, into weak acids and weak bases 


HCl NaHCOa 

alkaline 
buffer 

NaOH HaCOg 

acid 
buffer 


NaCl H2GO3 

neutral weak 

salt acid 

NaHCOg HjO 

weakly water 

alkaline 
salt 


The active reaction (pH) of the blood does not practically change 

in either of these cases , ^ 

In addition to the buffer (physico-chemical) systems, the physi- 
ological systems, such as the lungs, kidneys, or the g^^trointestma 
tract, are also involved in maintenance and regu ation of activity 
of liquid media in the body Carbon dioxide is withdrawn from the 
body by pulmonary ventilation The respiratory centre controls the 
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■ventilatory function of the lungs so that carbon dioxide tension 
(PGO 2 ) in body fluids is maintained at 40 mm Hg The concentration 
of the bicarbonate ion HCO 3 is controlled by the kidneys The tubular 
reabsorption of anions is controlled so that the anion deficit of 
24-27 mmol/1 is constantly maintained The deficit is compensated 
by the bicarbonate formed by dissolution of metabolic GOo in body 
fluids in quantity corresponding to its partial pressure and body 
temperature 

The kidneys regulate the acid-base balance in two ways by form- 
ing bicarbonate from carbon dioxide and water with involvement 
of carboanhydrase, and by withdrawal of the hydrogen ion Hydro- 
gen is excreted by the kidneys in the bound form, such as conjugated 
acids of buffers, e g those formed according to the equation 

H^4-HP05--vH2P0j 

or in the form of ammonium, which is produced by the reaction be- 
tween ammonia and hydrogen 


The first reaction shows the formation of the titrated acidity of 
the urine The ammonium ion has no effect on the reaction of the 
urine, 1 e the second reaction ensures withdrawal of the hydrogen 
ion without a further reduction of the urine pH Under normal con- 
clitions hydrogen is withdrawn in exchange for sodium reabsorption, 
and these processes are, probably, conjugated Anions of nonvolatile 
acids are withdrawn from the body by simple filtration in the glom- 
eruii, the anions are practically not reabsorbed 

Cl -b^e balance in infants The tendency to acidosis (accumula- 
°c ion) is the special property of an infant body 

\ connected with a relatively intense production of hydrogen 
° processes On the other hand, the factors responsible 
of an n balance in a healthy infant are similar to those 

a;® exception are neonates during the period of 
in thP boL d f hydrogen ion concentration 

the comopifcjotn^^^ infants m high during this period, the pH and 
innlv if ^^2 in the body fluids decrease accord- 

Vp^nn m irrespective of age, the function of all 

.n ^vluch a heaUhy ^Sant^may h,T conditions 

detomi^eTn'S balance of an infant This is commonly 

in the bodv flmrll measuring the hydrogen ion concentration 

centration^f determining some integral values of con- 

usins snecial tinmn important for the acid-base balance and by 
on the acid-ba^p Practically the acid-base balance depends 

and PCO of nla<?m£, extracellular fluid as determined by pH 

0 of plasma by two methods According to one of them, pH 
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dctcrminod simultaneouslv using special 
electrodes, ^Mth subsequent calculation of the souglil values bv 
^Modern apparatuses can do without nomograms the? 
^ readings on the screen or have them typed on paper^ 

r? acid-base balance. Following below are compfete 
characteristics of the ncid-base balance of a human body tharare 
changes in the acid-base balance pH is the integral 

lular fiuid, PGO. is the carbon dioxide tension in the blood (m 
lae plasma or the eMracellulni fluid, which actually is the same) 
nf j '■’V” function coircsponds to the rate of formation 

cariion dioxide and pintons in the body or (tentatively) the ven- 
tua ion capacity of the lungs BE is the shift of the buffer bases, 
snows the excov'? or deficit of the buffer bases (conjugated acid 
nions) and characterizes metabolic regulation of the acid-base 
uatance; BB characlcnzos the oxoiall concentration of the buffer 
ases of the blood, SB is the xalue characterizing concentration of 
uc standard bicarbonate of plasma, i e in standard conditions 
1 temperature and pressure (37°C and PCOo = 40 mm Hg), AB is 
ne^ actual bicarbonate, the value showing the concentration of the 
plasma bicarbonate at a gi\ on Icmperalurc and carbon dioxide pres- 
-ure at the moment of blood taking The normal indices are sho^vn 
in Table ii. 


Tabic tl Normal Acul-Basc Balance Values 


Vflluc 

Mcnn \ nrlniiom In normal infants ageing over 

7 da>s 

pH 

7 42-7 45 

PCO- 

30-35 mm Hg 

BE 

from — 3 2 to — 0 G5 mmol/1 

BB 

32-'iG mmol/1 

SB 

20-24 mmol/1 

\B 

18 5-22 5 mmol/1 


Acid-base balance as related to anaesthesiology and intensive 
uierapy. The acid-base balance is regulated by the respiratory 
^ystem, whose response is very quick (within a few minutes), and 
ibe renal function, vhose response is slow (pathological changes in 
ihe body can be fully compensated by the kidneys within a few days). 

When conducting artificial lung ventilation during anaesthesia 
or for some pathological condition, it is necessary to select thoroughly 
the ventilation rate because sharp changes in ventilation of the lungs 
Cause significant changes in the acid-base balance of the body Rapid 
infusion of fluids during elimination of liypovolaemia may provoke 
ocidosis, and using strong diuretics, which promote a rapid loss of 
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liquid, can cause'alkalosis Alihougli alkalosis can rapidly he com- 
pensated by the respiratory function, it is necessary to remernber tna 
even transient abrupt variations in the acid-base state of the bony 
can be extremely dangerous to some patients The administration 
of great amounts of fluids foi elimination of acidosis often fails o 
give the desired effect unless the appropriate pathogenetic treatment 
of acidosis IS conducted, while the excretion of these substances by 
the kidneys may be difficult Retention of sodium (taken with bicar- 
bonate) or tris-buffer can cause a pronounced pathological iatrogenic 
effect 

AGE AND METABOLISM 

Body composition The human body is a complex structure com- 
prising many organs and tissues The chemical composition of the 
body, the relative concentrations of various substances and elements 
vary substantially with age For example, the proportion of water 
or fat in a neonate is higher than in older children or adults, while 
the proportion of proteins is lower The amount of fat in a healthy 
infant born at term is 26 per cent of the body weight, while in children 
at their prepubertal age it is only 10-11 per cent The muscles of a neo- 
nate are 25 per cent of the body weight, while in an adult male they 
are 43 per cent The composition of the body after termination of the 
pubertal period varies depending on certain endocrine factors The 
composition of fat in a child differs from that in an adult palmitic 
and palmitoleic acids prevail in them to account for the high melting 
point of fat Oleic acid prevails in the fat of elder children and 
especially in adults This should be borne in mind when using an- 
aesthetics and medicinal preparations that are readily soluble in fat 
Metabolism of ammo acids and proteins The differences in the 
metabolism of ammo acids and proteins are mainly associated with 
age and growth of the body The daily protein demand m infants is 
2 4 g/kg during the first three months of life, 1 85 g/kg at the age of 
3-6 months, 1 5 g/kg at the age to 12 months, and 1 g/kg at the age 
from 1 to 4 years These amounts satisfy the protein demands (stan- 
dard protein of milk and eggs) The daily protein demand of a child 
from 7 to 13 years of age is 0 75-0 9 g/kg, while of an adult, 0 6 g/kg 
If the taken protein is of lower value (incomplete set of ammo acids, 
e g vegetable protein), its overall amount should be increased 
accordingly 

In addition to the nine essential ammo acids, histidine is also 
considered to be indispensable for infants under 1 year of age 
Methionine cannot convert into cysteine and taurine in premature 
neonates and these two amino acids are, probably, indispensable 
for them Essential ammo acids should be about 35 per cent of the 
2 g of proteins taken by infants per kg their body weight This 
should he 20 per cent for adults The demands of children ageing 
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from 1-2 to 10-12 j'^ears for separate essential ammo acids are not 
known 

The amount of ammo acids spent for energy m normal conditions 
IS 4 per cent of the overall energy requirement of neonates These 
demands m nurslings increase to 7 per cent and m adults, 13-14 per 
cent of the total energy produced in the body by oxidation of ammo 

The ammo acids that are not involved m the synthesis of proteins 
■are oxidized to carbon dioxide and water with liberation of energy 
and nitrogen, which is involved m the synthesis of ammonia and 
urea, the final product of protein (ammo acid) metabolism Urea 
IS mainly excreted by the kidneys The nitrogen of urea is abou 
■85 per cent of the total amount of nitrogen contained m the urine o 
neonates during their first three days of life This amoun ecreases 
to 60 pet cent from the 4th or 5th day to the age of 2 months In 
adnltsf the urea nitrogen is 80 per cent of the total nitrogen excreted 
^ith the urine The remaining amount of nitrogen is contained 
creatinine, ammo acids, whole protein, ammonia, uric acid, and 
other nitrogen-containing substances nf 

CarhohydFate metabolism The carbohydrate 
■dren does not substantially diffei from that ® . e 

differences reside in the absolute and relative , . ^ inter- 

bohzed carbohydrates, in the concentrations 

in the blood is given m Table 12 t-mm thfl blood in 

The rate of fractional elimination of g comnarable with 

healthy children during glucose tolerance test is comparable witn 

Jh^protortoii of euorgy P— dS 

fed infants is 38 per cent, ‘''"hilc , infants as related to 

to 58 per cent The carbohydrate T jZand 

the body weight, is two times grea b n neonates 

related to the body surface is ^he same lor aa 

40^2 g glucose per square ^ 1 ^ letabolism of children 

, Fat metabolism The intermediary iipia me^a^^^^^ 

(like all other types of ^°!j|’?]onces are mainly quantitative 
adults Like m other first stages of fat digestion m infants 

Substantially diHerent f ® is lowm neonates, and the 

The emulsifying activity hile important This should 

activity of the gastric nnenmlsified fats to the neonates 

he borne m mind when giving nocp nf f^ipestion is indispensable 
through a gastric tube The gastric phase of digestion m p 
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Table 12 Normal Concentrations of Glucose and Some Intermediary 


Substance 

Xconates 
(1-3 hours) 

4 hours 15 dajs 

1-12 months 2 "vears 

Glucose 

4 44±1 11 

2 78±1 39 3 61±1 11 

3 61±1 11 3 77dbl 11 

Lactate 

2 0-2 4 


1 3-1 8 

Pyruvate 

0 17-0 32 


0 06-0 13 

Citrate 

0 026-0 286 


0 099-0 156 


in such infants This phase may only he excluded on condition that 
special food is given, which does not require complete processing 
hy the intestinal enzymes Part of nutrients can otherwise remain 
not assimilated 


Under normal conditions, fat consumption per kg body weight 
of a child IS much higher than in adults in an infant it is 7-7 5 times 
higher, in a 1-year-old child it is 6 times, and in an infant, 3-4 times 
higher than in an adult The usual daily fat demand of an adult 
body weight Fat consumption per unit body surface 
higher than in adults (about 1 5-4 times higher) 
lliG mam intermediary lipid metabolites 
in children is either the same as in adults or slightly increased The 
main diflerences are observed in neonates during their first seven 
days of life and in children of other ages This is explained hy the 
post-stress metabolism in neonates during their adaptation to the 
extrauterine life The concentration of non-esterified fatty acids, the 
+ 1 ° ^ triglycerides of blood serum increases 

rantbf f respiratory coefficient changes signifi- 

predominant utilization of fat in the 
differences m the blood cholesterol and also the 
esterified to non-esterified fat ratio are also observed 

high lu^rtnUIrpn (administered intravenously as emulsion) is 
fat f The results of intravenous 

adults It IS noss t’ m children than in 

tSni to suggest that fat metaholism, fat 

Sntsl Thfs oaf n 7®'““ “ “'““ten (especially in 

iniants) this can probably be explained by the higher mtensitv of 

of 20°C and in flip ^ body at rest at an ambient temperature 

01 2 U L and in the absence of subjective feeling of cold or warmth 

The rate of basal metabolism (as related to bo"df weight) 7ariS in 
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Metabolites m 

Blood (mmole/1) 




4 %ears 

G ^cars 

9 ■jcars 

12 vears 

Adults 

4 00±1 11 

4 27±1 11 

0 89-1 7 

0 05-0 13 

0 099-0 0156 

4 05rfcl 11 

4 55±1 11 

4 44±1 11 

0 67-1 8 

0 05-0 13 

0 088-0 167 


neonates during their first days of life between 40 and 50 kcal/(kg X 
day), while by the end of the second week of life it increases ta 
50-55 kcal/(kg x day) The basal metabolic rate of premature neon- 
ates IS slightly lower than in neonates born at term The rate ot 
nietabolism may increase 2-3 times when a nurshng (especia y 
a neonate) cries When the neonatal period ends, the basal metao 
ohsm (as related to the body weight) gradually decreases to attain 
24 kcal/(kg X day) to the age of 21 When an infant grows to t o 
of about 3 years, the basal metabolic rate 
tody weight) decreases by 2 2 per cent per kg weight gain 
Changes in the basal metabolic rate as related to tl ^go^ate 
of the body have another character "^ke metaboli 
after the adaptation period is ®kout /OO kcal/( q » 

ffie age of 2-3 years it increases to J200-1500 kca /( q ^ ^y)’ 

and by the age of 10 it decreases to ^ x day) 

in adults vanes between 950 and 1050 koa /( q 
The basal metabolic rate changes during jT ggpg^g and 

ft increases by 25-30 per cent after surgical ^ g, ^g^t, m 

peritonitis the basal metabolic rate increases y ^qq per 

®6vere skeletal injuries by 50-60 per cent, an „ . i P^etabolism 

A 1°G increak in body temperature intensifies basal metano 

The spe?ificTe?tures of basal metabolism associated j^th^ag^ are 

connected with the growth of the infant and |at is the 

oergy released during oxidation of "'^^^mus s gg gj, gg^t of 

am source of energy in early childbed I i ^ g^ggg gradually 
to energy released by the body Tkjs va weight to the body 
„ per cent in adults The ratios of ^ke y ^^^g of the 

1 and of the weight of muscles and -.goot for the said 

y are constantly changed in children to account 
^^snges infants 

^Thermoregulation Thermoregulation is ^^^^equate ^j^yg^gal 
thp^ ^^^^equacy is characterized ky ^ecreas weakness of the 

*1 /deregulation, which is connected with . pj-actical 

centre, vasomotor reac ^e ^ gj-st 45 days 

absence of sweat glands function m infants during 
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■of life On the other hand, the ratio of the body surface to its weight 
IS two times greater in neonates than in 10-year-old children, and 
three times greater than in adults It has already been said that 
relative amount of muscles in infants is much smaller than in older 
children or adults, while the muscles are the major producers of heat 
in the body In connection with these special properties of infants, 
their heat loss through radiation is much greatei than in adults or 
older children Despite the absence of function of sweat glands, 
the perspiration in infants is quite intense Since the relative surface 
nrea of infant body is large, much energy is lost due to evaporation 
■of water from the skin Brown fatty tissue, vhich is mainly found 
in the interscapular region, performs the heat-generating function 
of muscles in neonates Heat foimation in the biovn fatty tissue is 
intense Neonates can thus easily become cold or overheated Tins 
holds true for premature neonates in particulai, because the relative 
■content of fat, especially of brown fattv tissue, and muscles is low 
in them The proportions of an infant body lemain ‘unfavourable’ 
by the end of the first year of life, but the theimoiegulation can be 
■considered satisfactory at this age 

The thermoregulating processes can change rapidlv and more 
intensively in infants than in adults duiing pathologies This 
should be remembered when treating children with severe diseases, 
especially in severe climatic conditions (at high ambient temperature 
and humidity, in particular) 


Chaptei 4 

Assessing the Condition of Vital Functions 
of an Infant 


DETERMINING THE CONDITION OF THE NERVOUS SYSTEM 

The assessment of the neurological state of a child begins with 
f analysis of the anamnestic data It is necessary to find 

neonate has been borne into a normal familv or if some 

congenital diseases, if the 
paSogical postnatal peiiods were noimal or 

neurological state of a child includes 

tnd tTp consciousness, adequacy of behaviour, motor activity, 

axcitatmn^r niovements Hypertonus, strain, twutchmg, and 

Srv ?o stimulation should be assessed It is neces- 

im^oJtam presence of normal and pathological reflexes It is 

^finger imp^essiois’^^nu^^^^^^®^^® protruded, and there are no 

s mpressions on x-ray pictures of the skull 



4. Assessing the Condition of Vital Functions 


59 


Electroericephalogiaphy is important for diagnosing both primarj 
and secondaiy affections of the brain The diagnosis is ^^^sed jin 
deviations from normal EEG or the appearance of new elements 
in It EEG findings should be compared with the 
Deviations from normal EEG can be diffuse oi foca i u g 

are manifested by slowing down of the wave ^pectrum and also by 
a series of peak-waves Focal changes are slowing ° 

the waves Ld peaks related to the high Z Len 

spectrum It should be remembered that ^ 

in healthy children as well Focal peaks in t nrosno- 

found in about 2 per cent children ageing under y , should 
SIS of the neurological condition on the basis o ATirlmfTs with the 
therefore, be done very carefully by comparing S 

character of the clinical picture nu the 

Echoencephalography is a simple medial structures, 

intracranial lelationsliips (displacement studies help 

dimensions o£ the lateral ventricles, etc ) Ul'-'f “e 

the examiner to locate a pathological ovamination of the 

Lunibai puncture is a clinical metho lumbar 

nervous system This is usually done be , , thighs flexed on 

vertebrae The child is placed 

the abdomen The operation should be stn ^ P ^ ^ special 

discharge is spontaneous, its cerebrospinal fluid varies 

tubular extension Normal pressure of are considered 

within a broad range Pressures 

to be high To XS^Srospmal fluid should be taken 

spinal pressure, only 2 ml ot cere cerebrospinal fluid, 

In case of occlusion or f P\ ^h aspiration Normal findings 
liquor specimens can only be taken ^^P^ fluid and results 

during laboratory examination of the 
of the Pandy test are given in Tables 13 and 14 

Table 13 Characteristics of Normal Cerebrospinal 


Number of 
cells in ml 


1-10 


Total protein, 
mg/1 


160-240 (200- 
1000 in neo- 
nates) 


Albumin, 

mg/1 


140-180 


Globulin, 
mg/1 


20-60 


Sugar 

mmol/1 


2 78-4 44 


The desonbed methods can be and” fo “ plaL'el 

-central nervous system m both emerg ^ pneumoencephal- 

treatment Time be used for Ltablishmg a diag- 

■ograpliy, and angiography can also 


nosis 
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Table 14 Pandy’s Test Assessment 


Reaction 

Albumin content, mg/1 

Negative 

under 400 

Opalescence 

400-500 

4* 

500-1000 

-f+ 

1000-3000 


3000-5000 


above 5000 


DETERMINING THE CONDITION OF THE RESPIRATORY S'iSTEM 

The diagnosis and correct assessment of gravity of respiratory 
insufficiency in a child are only possible by comparison of the clinical 
pictiure with laboratory findings and functional tests The phj sician 
must be able to interpret correctly the clinical symptoms of acute 
respiratory insufficiency He must also be aware of the diagnostic 
value and possibilities of special methods of examination 
An important clinical symptom of respiratory insufficiency is 
dyspnoea It can be inspiratory, associated with obstruction of the 
upper airways, or expiratorj’’, connected with bronchial impatency 
Pronounced tachypnoea is usually characterized by involvement of 
the accessory muscles in the respiratory act Tachypnoea associated 
with atelectasis, pneumonia, or other restrictive processes in the 
mngs is usually characterized by a markedly decreased depth of 
breathing It should however be remembered that dyspnoea can also 
be connected with pathology of the cardiovascular system, nervous 
systern, etc But the respiratory insufficiency is not always accom- 
panied by dyspnoea 

Cyanosis is a common sign of hypoxaemia But the degree to which 
this symptom may be pronounced depends on the haemoglobin 
con en , ^hting in the room, and the skin colour, and it cannot 
thwefore be used as a criterion of severity of hypoxaemia 
1 IS characterized by dilatation of the peripheral ves- 

ctntoc arterial pressure, hyperhidrosis, and depressive 

states of various gravity ^ 

vahSf anscaZiatmn of the lungs and also chest x-ray provide 

nftbSnLjfT character and localization of the 

Lavitv ^ complete understanding of the causes and 

bv comuarincr?! ins^ficiency can, however, be only attained 

al tests^ ^ clinical data with laboratory findings and function- 

dmded^nD^'tlfrpo*’^^^ respiratory function are arbitrarily 

groups external respiration and mechanical prop- 



61 


4. Assessing tlie Condition of Vital Functions 

erties of the lungs, pulmonarj’' gas exchange, and gas composition 
of the blood The external respiration and mechanical properties 
of the lungs are usually assessed by spirography, pneumotachograpliy, 
pneumography, and body plethysmography 
Spirography is used to determine and record graphica y 
and miLle ventilation volume of the lungs, vital lung 
(and Its minor subdivisions), oxygen consumption, etc 
be conducted with bieatlung pure oxygen m atmospheric air Spiro 
graphs of any type can be used uith older childre , P 

apparatus should be used for testing ’^aa^^tes resmred 

Pneumotachogiaphij is the recording of the Jf^for 

gas It can be used for the same purpose as spuography except 
the determination of oxygen consumption 
also be used to determine the amount of non 
sistance (with interruption of the gas flow) vo^mratorv move- 
Pneumography is the method for ^^dynig 1 ^ P Erodes 

^ ments The chest movements are recorded f ® g..„gi^ed to the 

(impedance pneumogiaphy) censors patient 

Ttl bfre^o* 

B^y pUthysmogiaphy in and VoSetorindices of 

graphy are used for recording frequeim^^^^ assessment of the 
dynamic resistance of the airwajs , associated with in- 

Early signs of increased wk 

creasing aerodynamic c.^nction Unfortunately, this dys- 

manifestations of respiratory dyst« infant can compensate 

[unction IS not revealed m due time of time by mten- 

bypoxaemia and hypercapnia ^ ^ compensatory mechanisms 

sifying the work of breathing When tiie comp obvious 

are exhausted, drastic changes m g , , j^v pneumotacho- 

Increased work of breathing can be determinea y p 

graphy and body plethysmograpiiy jjreathing are the forced 

The clinical signs of „„olvement of the accessory muscles 

posture of the child in its bed, m vielding parts of the chest, 

rn the respiratory act, retraction of the yieming p 

dilatation of the nares, etc „ ,„llv examined by various quick- 
The pulmonary gas exchange is u i gg^aj. ventilation, the share 
acting gas analysers Dead space, . j gradient, and diffusion 
of the venous efficiency, the , importance Radioisotopic 

capacity of the lungs are of accurate picture of pulmonary 

methods of examination give a more auo 



62 


Part One General Problems 


ventilation and pcifusion and their H>lntion‘-lup‘- 1 lie acid-ba*-^ 
balance and gas content of blood aie \crv nnpoitant for a‘^=es':niC‘nt 
of the respiratory function 

DETERMINING THE CONDITION 
or THE CARDIOVASCULAR SI EM 

A constant control of the cardio\ascnlar sN^-leni is a prerequisite 
condition in paediatric anaestbcsiologv Feeling the pulse, listening 
to the heart sounds, and determining the condition of inirrocirciila- 
tion are the simplest clinical methods to assess haomod\naniics 

Pulse IS palpated to leveal some changes cliaractcrinng tlic action 
of the heait and vessels (pulse rate, rluthm, filling, pressure, etc )• 
The pulse is usually felt on the ailerics of the extremities, most 
commonly on the ladial artery Pulse tilling gi\es information on 
the amount of aitenal pressure and blood flow late Coinparison 
of the pulse rate at the peiipheij with tlie lionrl rate ie\eals pulse 
deficit 

Auscultation of the heait sounds is ^cr^ important diagnosticnll> 
It has been established that dulled heait sounds usualh pi erode heart 
failure When giving anaestliesia, the sensitne element of ihestetlio- 
scope IS usually fixed with adhesive tape on the heart heat area, 
an intraoesophageal stethoscope is used duiing operation on the 
thoracic organs 

The condition of microcirculation is assessed in the clinical practice 
by the speed wuth which the capillaries are filled w ith blond Pressure 
is applied to the end of the nail (ear lobe, skin of the foiehcad, fore- 
arm, etc ) until it becomes Avliite The pressiue is then released and 
the rate of blood filling in the capillaries is determined The rate 
of capillary filling is markedly slow in the presence of spasm of 
arterioles (shock or hypovolaemia) 

Arterial pressure is an important characteristic of blood circulation 
The breadth of the cuff used for measuring arteiial piessuie b\ the 
Korotkov method depends on the age of a child it is 3 cm foi neo- 
nates, 5 cm for nurslings, and 7 cm for infants ageing from 2 to 7 
When arterial pressure is measured by palpation, it should appiox- 
imately be equal to systolic pressure Diastolic pressure cannot be 
measured by^this method 


Fig 21 Changes in EGG 

(a) hypokalaemia T wave is levelled, U wave appears, (6) liyperkalacniia 
I wave sharpens and increases in height, the QRS coraple\ is distorted and 
hroadened, the ST segment is depressed, (c) sinus node insufficiency sinus 
nradycardia, intra-atrial migration of pacemakers, sino-alrial block (lead II 
continuous record) 
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P.iil Onp Cicnfr.sl Pfoblrri'' 


Most ncctirnlch nrlen-il prf'-'-urf < -oi hr- riif ftirMi hy tijf «iir*r? 
melliod A tube i*" pd'-'-od ui .ui .irt< tiip 4-{t«r>} .'tid 

the sen'-or of llio nuMMinni' .ijiji.sratsi'- o roiiiifitMi to tli* 
Modem inonilois give (ijf'itnl re.'uiiiif' of ■ % -tohi , di > t<jiit ,'nd ra< -i) 
pre^-sine Moren%or, a j)re'’''(!re nii\e »'< dr^iv, n on an o i{!ti:'rafdi 
Central hcnow^ prc<^‘urr a \(r\ unporlarsl f n. r. rt* rr tu of thr 

caidio\n‘-rnlni function (t fan Ik* nii (‘-nii'ii h\ ( n / lA 
a central \oin Valdnitin’^' plileiattfinffiin t< r i n < d for tal inr ’ f laai^ 
pres‘:mo Ihc cenlial MMion*' pre^'^iitf md it - ' anahon fifirui" infsaion 
of flnuK aie \orj important me >n of a- • '■mg tin coiaanua okI 
reverses of the in\ot.udnun 


Elcclrocai diograplty is vidaU u'-i d in in k tin -loloi'c lata’i-*" of 
its I elati\ e sijnplu it\ It isn'-fd Ifi diai'no < fli ouh'nfi i ntfuii it’**’!)# 
e\cltal)lllt^ , and rondnction of l!u in\o' irf'inm I h > *ror irdio- 
graplu is\er\ helpful m diamio'-mo r trdi u .o rh\ thinno toi d ap<i 
diflu'^e ni\oCtudi»d afff'rtioii*- I In* p( i ito 1 t '(» < Inni'' ^ h\ ja r* 
trophy of \aiious hcail chamhfr-- lalj) th.ir’no-i* (oincnt* d and 
accjuired heart disea'-es J he up'-f t halami fd '-cijne jila^ni’ ehrtro* 
ytes (for example, pola*-^imn di'-halaiue) aKo laionif^ oliMons 
from LCG changes (Fig 21) S\ m hrfinom nff^rdinr of tdeetro*, 
phono-, find splugrnograin*' (pohfcnrdiogK jAm) gixfs information 
about the contractile powei of the mxm irdnim and rhange>. in the 
pulnionarN blood circulation in norm and pnthologc 

ctermining the cardiac output pro\ide^ the most rnmprehen‘‘ixe 
inlormation on the condition of the ( ardiox asciilar fniiclion 'I he 
ar 10 - rcen dilution method is often used in paodintric practice 
or us purpose Jim dxc is inlrodmcd throurrli catheter into]tho 
na caxa cir the right atrium, x\hile the dilution curve is recorded 
apparatus nhosc pickup is ntl.iched to the ear lobe 
flip wprf oulpid, It IS pas\ to calculatf'tliestroke volume, 

otLr ,rnn°V'f ^ ^^‘0 sxsicmic X asculnr resistance, and 
other important haemodynamic charactorisiics 

inte^pnnn^^^\^°f^ circulation without operative 

the Do^S’J f”, ■•'"'1 ".c mcll.ort onploMHg 

tne Doppler effect should he mentioned 


determining the water-electroltte metabolisvi 

anamnestmdata'^^cEm^*^ children is assessed by the 

When collecting nm signs of pathologv, and laboratory findings 
uptSe and^ attention should be paid to 

can suggest some mn child because this information 

saltShohsTnrp rn of upset vvater- 

within short periodf occurring 

elasticity of the slfin ^ ^ changes in the turgor and 

sucitj 01 tho skin, among the clinical signs in infants Ira the 
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condition of the fontanello, eye-ball convergence, the condition of 
the mouth mucosa, the amount of the urine excreted, its colour, the 
central and penplieral blood circulation, and the action of the 
central nervous svslem 

The laboratory findings of special importance aie the liaematocrit, 
the concentration of haemoglobin and of the main ions (sodium, 
potassium, chloride calcium, and sometimes magnesium) in he 
blood serum and in eiylhiocytcs (sodium and potassium), diuresis, 
specific graMtv of the urine, the sodium and potassiuni content o 
the urine, concentration of pi olein and urea in the b oo serum, 

and osmolaritv of the blood and mine 
The artenarpie-^sure, the central %enous pi assure and the pulse 
rale nla^ also be important foi diagnosing disorders in the water- 
eleclrohte metabolism of a child duiing clinical and instrumental 

T^pef^or disordered vatcr-elcctroljte metabolism ^hildre®- 
Two major disorders in the ivalei -electrolyte f ® 

guislied dehydration (the reduction of the overall amount of wate 
in the bodv) and hvperhvdration (released total ainount of 
in the body) These major disoiders aie each gi 

groups of disorders in vhich the degree of Smolder is 

terms of concentialion or tonicity e^trS ulL 

fluid isotonic (noimal tonicity oi o^^olmity 

fluid), hj'potonic (subnormal osmolarity o fluid) The 

and liypi tonic (increased osmolarity 

type of disorder IS determined metabolisL is 

The degree of disorder m the ^ater eiecwo j 

the relative amount^ is characteiized by 

eiUier side The disorder g degree II is characterized 

he chanp in the body weigh , ^ characterized by the 

'Change to 10 Par cent, 15 per-cent In children ageing over 
Imnge m tiie body w^eight P ^ respectively (as 

a-4 years these figures are 3 6, ^ nnh disease) A loss 

measured with respect to the body we gU^b ^ 

of water by an infant exceeding P j condition When assessing 
cent m children over 3-4) is often a cr ^ possible subacute 

the body w^eight deficit It IS necessM^^ 

or even a chronic disease "yhmh ®ay of nutrition are impor- 
quantitative and qualitative charact ^j^g 

tant for the anamnesis of th® e, ^ 

lasts more than 3-4 days a chi ^ g^ ^jing these factors may be 

^velgbt a day if it does not eat Disregarumg 

n‘5r£rsUc criteria to assess the type of 
Table 15 gives the mam ojagno laboratory 

dehydration A correct oon^usio n j usually 

testing Except m very few diseases, nyp y 

5 * 
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caused 1)\ lalioijemr f.u Ut'-, diu* lo tii.ippropriaif 
a icsuH of incono(t , i‘' iiu tit of lUc dt r < i* tto!_t<- »'if ' ih'df‘ in 
of the patient The in tin ‘i<;ns of h\ [(f>rli .dratioo 'p- 'ti .!;ritpl 
inciea'-e in hod\ wnudil, ih selojinuMit of oidfint, »ti(i p i 
ment of ti''Sii(‘s Oedema u"-uall\ finui- 'Inn fh<* h ai* ( udil 
increa''e‘' bv iuok' than I per «ent '1 in- r.'rdiu\a' nl tr • .* t< m J"- 
often invohed 'i ho spei i!u inploins of h\ pf rin 'Ir.aniU an ahfol 
(except if its depioe i- hipii) Fspo of h\ perh’ ('r dtou . r. not 
diffcicntiatod chnnallx 'Jheir difn reiitiaf ion i h 'm d on fh t< rmsn- 
ing the ‘:odiuin (,on(entr4ition oi o<niol.int» of th<^ *-■ rum. 
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Fontancllc (in in- 
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Temperature 
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Arterial pressure 

^o^rn.ll or tb'- 
cre is^'d 
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Hvpotmn.oi, often 
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pressure 
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Dep nd" on ii< art 
fun tio.i 

Diuresis 
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Irii r> a^nl 

Sodium of scrum 

13j-ri5 mrnol/l 

I'd-l'jO mtnol/l 

i3'j-r, > mrnol/l 

Hacmatoent 
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Serum protein 
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Increased 

Inert I'cd 
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Normal 

Incroas"d 

Decrea® *d 
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Urea of serum 

Increased 

Increa-cd 

Increa« 'd 

Sodium of urine 

Decreased 

Increased 
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Anamnestic data 

Recurrent xorail- 
ing x\ ith moderate 
volumes of gastric 
content, stools arc 
liquid and frequent 

Elevated bodx 
temperature, 
dvspnoea, swe- 
ating, less fre- 
quontlj vomit- 
ing 

Recurrent vomiting 
With large volumes 
of tontints of the 
stomach and the 
upper portions of 
the small intes- 
tine, stools arc wa- 
terv and frequent 
fistula in the small 
intestine 
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Disorders in live ion metabolism. Ion metabolism (like in water 
exchange) becomes upset in the presence of imbalance between 
uptake and excretion of one or sex'eial ions Four types of upset ion 
metabolism are distinguished decreased or increased total amount 
of a particular ion in the body, increased or decreased concentration 
of the ion in body fluids Mixed-type disorders are fiequent too In 
most cases the upset ion metabolism is associated with upset water 
metabolism Upset metabolism of onW one or several ions occurs in 
rare cases In most coses the metabolic disoiders are due to incorrect 
treatment, less frequently they are a specific feature of a disease 
Accurate diagno'=is of the type of metabolic disorder is difficult but 
possible It is necessary to determine the ion concentration in the 
extra- and intracellulai fluids, the volumes of fluid in the extracellu- 
lar and intiacellular spaces, and the ion balance (the dinerence 
between uptaken amount of the ion and its excretion by a ® 

routes) This information enables one to determine the total ion 
content of the body, the tendency to changes in the balance, the 
concentration of the ion in the extra- and intracellular fluids, and 
also then pioporlions This is an important information for planning 

The changes in the total ion concentration in the body 
intracellular fluid are usually characterized as ^ 

centration of a particular ion in the blood plasma 
the extracellular fluid), as is the case with hypo- or ^yP^raemia, 
hypo- or hvnerkalaemia, etc When diagnosing ion metabolic disor 

ders, ,t IS ILessary to determine thoroughly LTeSl^ 

because these two types of metabolism ^ 

Potassium is the mam ion of the mtrace > 

tains 98 per cent of the total Potaf 1 

ion IS involved in many physiological biochemical proc^^ 
occurring m the cell The extracellular ° ntra- and 

cent of the total potassium The gradient 

extracellular potassium ion is directed towar - energv 

This gradient is maintained by about 80 per cent of the energy 

released by the cell metabolism of sodium and 

Among disorders associated with m ^ g^j^^ltaneous redist- 
Potassium ions is transmineralization in , . |},g extra- and 

nbution of the sodium and potassium lo alteration of their 

intracellular fluids m opposite their concentrations in 

ontents in the body but , Transmineralization occurs in 

he extra- and intracellular notassium-sodium pump and may 

cases with decreased activity of the pot a-nprirv release bv the 

be caused by any factor interfering with the energy release ny 

The total reduction of the ^^g^S^for ^Simt period of 

caused by the negative balance of the ion even lor a i 
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time (2-3 days, and sometimes even during one day) The mimical 
picture of the potassium deficit in the body is quite specific flaccidi- 
ty, adynamia, muscular hypotonia, decreased motor activity ol the 
intestine (to a complete paresis), tachycardia, worsened contractile 
capacity of the myocardium, enlargement of the heart, and energy- 
dynamic insufficiency determinable on EGG 

Laboratory tests show decreased potassium in the erythrocytes 
and later in the plasma (hypokalaemia) Hypokalaemia can be 
clearly seen on EGG as increased voltage of the P wave, low R 
and flattening and broadening of the T w ave (see Fig 21 , a) The 
potassium deficit is attended by alkalosis The general potassium 
deficit IS thus characterized by the general decrease of the total 
cation in the body and its concentration in the evtra- and intracellu- 
lar fluids It should be noted that the potassium content of the 
blood serum sometimes remains normal, while the deficit already 
exists along wuth clinical symptoms and a peimanent tendency to 
decreasing potassium concentration in the erytlirocj tes 

Hyperkalaemia is the upset potassium metabolism characterized 
by increased potassium concentration in the blood serum This 
condition often occurs in the presence of upset excretory function 
of the kidneys It should be noted that cases wnth increased total 
concentration of potassium in the body have not been reported, and 
by hyperkalaemia is therefore understood only increased potassium 
concentration in the extracellular fluid Hyperkalaemia can dev- 
elop in the presence of acidosis and dehydration 

DETERMINING THE ACID-BASE BALANCE 

The assessment of the acid-base balance and analysis of gases m 
the blood are obligatory for examination of patients in order to 
assess the severity of respiratory disorders and to conduct intensive 
therapy The clinical assessment of the acid-base state includes the 
determination of pH, PCOg, POg, and BE 

Disorders of the acid-base balance are classified as alkalosis and 
acidosis (Fig 22) Both alkalosis and acidosis may be respiratory 
and metabolic Acidosis is the active reaction of the body medium, the 
condition in which the hydrogen ion concentration exceeds the per- 
missible limit The pH of the medium is thus below 7 35 Alkalosis 
is characterized by an abnormal decrease of the hydrogen ion concen- 
tration The pH of the medium is thus above 7 45 

Respiratory disorders Respiratory acidosis is the condition asso- 
ciated with lung hypoventilation with the corresponding increase 
in PCO 2 in the body fluids and accumulation of the hydrogen ions 
Elevation of PCO 2 above 40 mm Hg indicates respiratory acidosis, 
which arises as a result of inhibition of the respiratory centre, ob- 
struction of the airways, alveolar hypoventilation associated with 
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Fig 22 Acid-base disbalance 2_inetabolic alkalosis, 

3— normal acid-base balance, 1 acidosis 

3-respiratory alkalosis, i-inelabolic acidosis 

1 ^./iiiinTis Increased. PCO2 associat- 

diseases of tlie lungs, and other its character because 

ed with metabolic alkalosis is jgtile bases 

CO2 neutralizes excess amounts 0 jiyperventilation, de- 

Respiratory alkalosis is e respective decrease in the 

creased PCO, rn the body fluids, “"d 

hydrogen ion concentration ru 2 , developing from incorrect 

piratory alkalosis due to of the central nervous system 

artificial lung ventilation or anac , ^ common condition 

Metabolic disorders Metabolic occurs in the absence or 

associated AVith acid-base imbaia j ^j^^ion to anaerobic oxida- 
decreased oxygen supply to .„„„ps which results in accumu- 

I'lon and underoxidation of some su 
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lation of hydrogen m the body fluids and decrea^-ed concentration 
of the buffer anions Metabolic acidosis is thus chaiactori7cd by pH 
below 7 35 and negative BE values (sec Fig 22) Metabolic alkalosis 
is acid-base imbalance commonly occuiiing in post-aggressive states 
It IS caused by excessive withdrawal of the hydrogen ion from the 
body or increased concentration of the bicarbonate ion, phosphate 
and protein ions Excessive loss of the hydiogen ions occurs during 
vomiting and after admimstiation of diuretics The loss of the potas- 
sium ion from the body is, piohably, the most impoilant mechanism 
of metabolic alkalosis It causes transition of the hvdrogen ion from 
the extracellular fluid into the intracellular fluid (with subsequent 
development of alkalosis in extracellular fluid and acidosis in intra- 
cellular fluid) and additional loss of the hydrogen ion with the urine 
The latter is connected wuth the fact that hydrogen and potassium are 
excreted in exchange for sodium, and thus compete with one an- 
other theexcretionof hydrogen increases wuth potassium deficit The 
increase in the content of the buffer ion (mainly the bicarbonate 
ion) may increase because of the uptake of large quantity of the 
anion or oxidation of the organic acid ions (lactate, citrate, acetate 
ions) Metabolic alkalosis is characteiized by the pll above 7 45 and 
positive BE value 

Hypoxaemia is determined by the value of POj Decreased PO 2 
is usually connected with upset ventilation-perfusion relationships 
and blood shunting from the right to the left Increased POo (hyper- 
oxia) is usually the result of excessively high oxygen concentration 
in the breathing gas during oxygen therapy 

The diagnosis of acid-base imbalance and establishing which 
shifts are primary and which changes in the acid-base state are 
caused by the compensatory processes are sometimes very difficult 
The answer can only be given after comparison of the clinical picture 
of the disease and the laboratory findings Determining the cause of 
metabolic alkalosis is a difficult diagnostic aspect It was earlier 
believed that metabolic alkalosis develops as a result of hypochlor- 
aemia It is possible to suggest now that pure hypochloraemic 
alkalosis occurs ‘very rarely, while hypochloraemia attends any 
alkalosis condition This can be explained by the fact that the 
increasing concentration of the bicarbonate ion must be accompanied 
either by increasing concentration of the cations or decreasing 
concentration of any ion The first condition is practically unfeasi- 
ble, while the chloride ion concentration changes more easily. 
There is a simple formula by which it is easy to check whether or not 
the concentration of chlorine in the blood corresponds to the given 

be -}- 42 = (approximately) nI+ - 
42 mmol/1 corresponds to the concentration of 
buffer bases (less bicarbonate) When determining metabolic alka- 
osis and veri ymg if it is not a compensation of respiratory acidosis. 
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two other tests should be performed as well the potassium content of 
the eiythroc3 tes and the pH of the urine should be determined 
If alkalosis is associated wvith decreased potassium content in the 
erytlirocytes, and also ivith the acid reaction of the urine, one may 
suggest, with a great degree of certainty, that metabolic alkalosis 
IS the result of potassium deficit m the body 
In emergency cases, in order to assess tlie condition oi the respira- 
torj system, it is often sufficient to compare the clinical signs ( le 
appearance of the child, its behaviour, colour of the skin and tie 
mucosa, percussion and auscultation findings) with x-ray hndings 
during the examination of the acid-base state The above described 
functional tests may also be conducted during routine examinations. 

ASSESSING MAIN TYPES OF METABOLISM 

Determining changes in protein metabolism. S'- 

tein metabolism during various diseases requiring ® „ 

ment oi intensive theiapy are usually 

techniques The mam characteristics alobulm 

protein in the blood serum, of albumin, ^^\® 

ratio, relative concentration of various globu ^ various serum 

teinograra), urea concentration, cieatimne of 

aminS acids, the excretion of urea or total “ 

the amount of ammo acids excreted with ^}^® J^^^’oterunSeS 
equilibrium as determined by the ^ ^^n be used to 

and excreted by all possible routes These 

assess the condition of the P^^tein metabolism concentra- 

Determining changes m 

tion of glucose in the blood ai^d th® gJ^^j^es, correctly 

the clinical practice Despite the smap y clinical data can 

interpreted findings and their eompaii carbohydrate metabo- 

be quite informative for the asses^^ent tl^®/4^®Srmination of 
hsm Additional data can be ohtaine the’ carbohydrate metaho- 

concentration of intermediary produc J th ^ g tolerance 

hsm and by conducting peroral' or intravenous g 

tests, and some other studies .u.mren m critical states and 
Hyperglycaemia often ^ ^ result of disbalance between 

^nring intensive therapy It tracellular fluid and the rate 

the rale of glucose delivery into tli jhis con- 

ef Its consumption m the P®f P^®^. t,olic changes occurring during 
ditiou can be connected ,^® msulin is inhibited and the 

stress when the activity of Tnembrane is disturbed These 

passage of glucose through ^ the ce entrance of glucose 

changes can upset the Kreb s cycle xhe catecholamine 

metabolites due to prevalence of ^ ^ catecholamines, which 

level IS also important increased contem oi 
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stimulate glycogenolvsis, incroa'-es the gluro'-e ‘•upph to Ihf extra- 
cellular fluid Dunng oarl\ scp'^is, the tion of hartenal eiidotoxin'^ 
on the vessels disturbs llic penplieral cirr ul.ition and <k( rra'-e'- the 
glucose consumption in tiie peripheral li'-suc’' 'J he aho\e dc-'enhed 
stress reaction of the caihohydrate nietahnhsni ran concur sininit.!- 
neously II> perglycaemia can he connected v.)tli admini'-tralion of 
glucose in doses that cannot he ulili/ed h> the cliild’s hod} Infusion 
therapy (the glucose dose and the rale of its adrninisirationj should 
therefore be selected in accoidanco vith the lonfhtion of the child 
and the intensity of niet.iholism It should he reniernherod that h%- 
perglycaemia piopei c.iii cause pathological conditions such as 
hvpeiosmolaritv of the extracellular fluid or osuiotir diuic-is, v,hich 
in tuin can cause delndration 


Determining changes in fat nictaholisni Changes in the fat met.ih- 
olism are mainlv diagnosed h\ anaK^iug the results of Lihoratorv 
examination of blood serum The mam signs of upset f.it nictaholi-m 
aie changes in the concentration of non-esteriiied f«iltv acids, total 
lipids, cliolesteiol and its fractions, phospholipids and their frac- 
tions, triglycerols, less fiequenlh di- .ind monogl\ cerols, some poU un- 
saturated fatt} acids, and then pioportions The concentration of 
these substances can change due to their insufhcient or excessive 
supp y into the blood, vith intensification or veakening of intcnsitv 
ot their conversions, and due to some other causes 

Determining changes in energ> metabolism The diagnosis of 
c ^ngss in the energj metabolism is based on measuring the basal 
me a 0 ism bx indirect caloriinetrx and compaiing the findings x\ith 
the standards for children of the appropriate age Morooxer, x\hcn 
determining the degree of protein decomposition hx the formation 
^ + products of its metabolism one can calculate amounts of 

^ ° ^ metabolized mixture dunng certain periods of 
of these changes xxith normal findings shoxss not 

of ^ metabolism but also the metabolism 

rpj Sy -ubstrates, i e glucose, fat and protein 

The closely connected xxith energx metabolism 

itv KnowlpfW perature, the ambient temperature, and air humid- 

of thermal reantof parameters is sufficient for the assessment 

ot thermal regulation of a child at a gixen moment 
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Chapter 5 

Anaesthetics and Other Medicines Used 
for Anaesthesia, Resuscitation, 
and Intensive Therapy of Children 


GENERAL ANAESTHETICS 
Inhalation Anaesthetics 


Nitrous oxide NgO (‘laughing’ gas) is a colourless gas, heavier than 
air, having no specific odour, with a sweetish taste A volume of 
nitrous oxide dissolves in about tiio volumes of water at 15-20°C 
i hg of liquid nitrous oxide gives 500 litres of laughing gas 
The gas is nonflammable but supports burning actively, especially 
when mixed with ether, cyclopropane, ethyl chloride and some 
other gases It does not combine with the haemoglobin and is present 
in the plasma in the dissolved state When inhalation of the gas 
IS discontinued, it is withdrawn fiom the body thiough the respira- 
tory tract in the unchanged form, all gas is removed from the body 
in 10-15 minutes Nitrous oxide is a mild anaesthetic It is given 


m a mixture with oxygon A mixture of 70-80 per cent nitrous 
oxide with 20-30 per cent oxvgen is usually inhaled by the patient 
through a special apparatus Nitrous oxide is widely used in modern 
anaesthesiology, usually m combination with other anaesthetics, 
a S ether, cyclopropane, and others, for neuroleptanalgesia and 
balanced anaesthesia When the delivery of nitrous oxide is discontin- 
ued, oxygen should be given to breathe for another 4-5 minutes to 
prevent diffusion hypoxia Commercial nitrous oxide is usually 
available in the hiquefied form (in metal cylinders) 

Cyclopropane is a colourless inflammable gas with a specific odour 
and pungent taste The boiling point of the gas is 34 5 C (at normal 
pressure) When mixed with air, oxygen, or nitrous oxide it forms 
a'^plosive mixtures which burst from open flame A volume ot liquid 
cyclopropane forms 376 volumes of gas Cyclopropane is an effective 
anaesthetic It is discharged from the lungs in a practically unchained 
form within 10 minutes It does not affect the liver function Due 
to Its constricting effect on the renal vessels, the diuresis slightly 
decreases, thereby increasing the arterial pressure, slowing down the 
pulse rate, and causing arrhythmia Cyclopropane increases marked- 
ly the sensitivity of the myocardium to epinephrine and may pro- 
voke ventricular fibrillation The gas is used for induction and 
maintenance of anaesthesia More commonly cyclopropane is used as 
a component for combined anaesthesia in combination with nitrous 
oxide The gas can also be used together with oxygen 
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The coiniiioii (ifloroffot of ( \( lopiop.uM' .iti.iC'tlio i,i .iro hr ul k h' , 
vomitinff, and nilo‘'t trial p.iie^i*' 

Liquoliod cy( lopinjt.iiio is n‘-nalh prodinod foi -.ih* iti 1 or --liirr 
sleol oraiigc-coloiiHHl ijlitidcis v hu h ‘■lioiild hr- 1 f[>t .tv.K fiorn 
open flame 

AnaeslJietic clliei m a ( olotn]("-', ti/iii'-jiaiful . \ol ‘fill and luidtlj 
inflamin.vhle liquid with a ( liai.a Im I'-tn odmii and Imrntnq (.‘'to 
When mixed \\ilh an, ()\^gen, oi nilions o\tdf in rorf.nii jiropfirtions 
il foims e\plosi\e mixliiics A litie of liquid i“(lim gi\ 2 'H htn ^ of 
x'apoiir Anacslhelic ellici is not mad lf)da\ for intlnrtifni of aii'f'-" 
thesia but m onU U'^ed to maintain nuro'-i'' l'f(o%fr\ from fthar 
anaesthesia takes much time fahout niinufa<-, a ith ‘'iih‘’afjiit nl 

sleepiness and depiession foi a fc\\ hours) 1 ha }) 0 '-t-oparati\ a p‘ nod 
(aftei ethoi naicosm) is charartari/ad 1)\ nau‘-oa ond matahoiic 
acidosis Ether anaesthe‘'in is conlraindu atad for atiilc ra'^piratory 
diseases, opeialions associated amIIi elartiocoagnlatinn, di- 

seases of the kidne\s ,md the li\ei 


Ethei IS <i\ailahlo in l.iD-ml daik glass bottles, whuh should he 
kept in the d<iik and a^\a^ fiom open flame 
Hcilothune (fliiothane ftoiotan) m a roloiirh*''S, tiamparenl lupiid 
with the odoiii of cliloroform and ,i sweetish hnining tastes the liquid 
IS nonflammahle Mixliiies of halolhanc with ,iir, owijen, or nitrons 
oxide are not oxplosi\e ILilothane is nn effectiN e general anaesthet- 
ic, much moie effoctne than ether oi chloroform An.icsllicsin can 

mixture containing onh 0 02-0 U'l 1/1 
mi ^ of halothane, and maintained In 0 00.1-0 OT) 1/1 

(U 5-1 5 per cent v/v) The anaesthetic acts qmckh the patient 
becomes unconscious in 1-2 minules without anxieU I ho surgical 
.tage of anaesthesia is attained m minules Tho*surgical period 

^asoplogia with adequate peripheral blood how 
and a hjpotensive effect (the pressure decieascs h\ 10-20 mm Hg) 

musc^es^of'^Jl^^ usually slows down, the breathing niax quicken The 
Tim maxilla, and the extremities are relaxed, 

tl esinS recovery period depends on the duration of anaos- 

sion rom o to lo minutes The post-narcosm depres- 

mucif ami Halothane vapour does not irritate the 

the mlnhiiiTio' r.ffo .^rerichi Ilvpotonsion is partly explained b> 
svmnatlipiip rmncrl ^ ° 1 Vi^^ preparation on the myocardium, the 
thrLnsif^vn^v f ^ Peiipheral ^essols llalolliano increases 

nossS ^ catecholamines, thus accounting for 

S nistrS r'"" (to ventricular fibrillation cspeciallv after 
administration of epinephrine and noiepinephnne) 

tures ^v^th^ n\^vffp^n ogical practice, halothane is used m mix- 
(azeotromc miyfi!rp oxygen, or with ethei 

ether) Contminrliraii ^oies of halotliane and onexolume of 

tner) Contraindications for using halothane are se^o^e organic 
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diseases of the liver Halothane should he used with precautions in 
cases with liyperadrenalaemia (pheochromocytoma) 

Halothane is available m dark 50-nil bottles It should be kept 
in the dark and dry place 

Chloroform is a clear colourless liquid with a specific smell and 
a sweetish burning taste Chloroform vapour is nonflammable or 
explosive It is a stiong narcotic the patient becomes narcotized 
within 5-6 minutes from inhalation of cliloioform in the concentra- 
tion of 0 03-0 04 1/1 (3-4 per cent v/v) Anviety is not obligatoiy 
Anaesthesia is maintained by the concentration of 0 01-0 015 1/1 
(1 0-1 5 per cent v/v) The patient ivakes up in 5-10 minutes, the 
post-narcotic depression lasts for about 30 minutes Chloroform is 
higlilj’^ toxic and is therefore used in rare cases for anaesthetic pur- 
poses It can cause dystrophic changes in the myocardium, fat 
degeneration and cirrhosis of the liver, kidneys, and other vital 
organs 

Chloroform is available in 50-ml vials of dark glass It should be 
kept away from heat 


Non-inhalation Anaesthetics 

Cyclobarhital (fanodorm, hexemal) is a white foamy substance 
soluble in water and 95 per cent alcohol, the aqueous solutions are 
readily hydrolysed, decomposed on sterilization Solutions are 
prepared in aseptic conditions, immediately before use Double- 
distilled water or an isotonic sodium chloride solution are used for 
dilution The solution should be used within 4 hours Cyclobarhital 
Used mainly as a 1-2 per cent solution for induction anaesthesia 
'I'be narcotic effect is rapid the patient is asleep without excitation 
in 30-60 seconds and sleeps for 5-20 minutes It can be recommended 
for minor operations, in wound dressing, and diagnostic operations, 
® S endoscopy Long cyclobarhital anaesthesia is not practicable 
now It should be remembered that even small doses of cyclobarhital 
nan inhibit the respiratory centre The anaesthesiologist must there- 
fore be prepared to give artificial lung ventilation if necessary 
Nausea, vomiting, and headache are quite rare aftereffects 
The anaesthetic is available in vials containing g of dry sub- 
stance The preparation should be kept in dry, cool place protected 
liglit 

Thiopental sodium is a dry loose yellowish substance readily soluble 
^n water, the solutions are unstable and decompose on standing, 
a precipitate is formed on boiling A freshly prepared 1-2 5 per cent 
Solution IS used for anaesthesiological purpose The same precautions 
should he taken as with cyclobarhital Indications for thiopental 
Sodium are the same as for cyclobarhital as well The patient becomes 
Narcotized with thiopental sodium quicker than with cyclobarhital. 



78 


Part One General Problems 


but its action is shorter The preparation has a marked vagotonic 
effect and this can cause laryngo- and bronchospasm The presence 
of sulphur in the preparation accounts for its spasmogenic proper- 
ties The preparation is contraindicated for patients with severe 
hepatic dysfunction, especially in the presence of concurrent hypoxia 

The preparation is available in vials, in 0 5-1 g doses It should 
be stored in a cool dry place 

Hydroxydione sodium (viadril) is a steroid preparation devoid of 
active hormone properties A freshly prepared 2 5-10 per cent solu- 
tion IS used for induction anaesthesia The preparation (0 2-1 g) is 
administered rapidly into a large vein with obligatory subsequent 
injection of a 0 5 per cent novocaine solution or isotonic sodium chlo- 
ride solution The sleep is induced in 3-5 minutes and lasts for 30- 
60 minutes The preparation has no toxic effect on the parenchyma- 
tous organs, respiration, or blood circulation Decreasing laryngeal 
and pharyngeal reflexes reduce significantly the consumption of 
relaxants The preparation sometimes causes local vascular reactions 
(pain, phlebitis, skin erythema, disturbances in the venous blood 
circulation) 

The preparation is produced in 0 5 g ampoules It should be stored 
m the dark 


Sodium oxybate (sodium 4-o\ybutyrate) is a substance whose struc- 
ture IS similar to that of human metabolites The dose depends on 
the body weight The minimum dose for induction anaesthesia is 
b5-7o mg/kg body weight The patient falls asleep m 10-15 minutes 

In*! 9 n minutes The anaesthesia lasts for 

“inutes When sodium oxybate alone is used, the dose should 
be increased to 120-150 mg/kg Anaesthesia can thus be prolonged to 
6 0 hours The post-anaesthesia sleep continues for 2 to 5 hours 
nro-flnf*^ ^0®$ not inhibit the function of the parenchymatous 

IS not ® circulation, the respiratory function 

suon+p^pSl ^ significantly and the patient can therefore breathe 
spontaneously during anaesthesia 

tionl%t'^sbm'il?T 10-ml ampoules (20 per cent solu- 

tinn wpc T> a A ^ ored With precautions Formerly, the prepara- 

^as mdu?ef 

Ketamine (kalipsol, ketalar) is a short-acting anaesthetic wuth 

wit^s^mrolhernf combinalon 

3 mVn^ intravenous administration of 2- 

30 second^ \’hp narrntf ^ induces a surgical stage of anaesthesia in 

should be nrnlnTiiTPfl effect lasts for 5-15 minutes If anaesthesia 
should he prolonged, the preparation can be administered reneatedlv 

preparation ^ad^n^ 
n m ^ in a dose of 12-14 mg/kg to neonates and 8-10 mg/kg 

to older children After admimstration of the preparation the arten? 
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al presiire is usually elevated by 20-25 per cent, the respiration 
IS not inhibited. The preparation is used for anaesthesia during 
various diagnostic proceduies, in minor surgery, for induction ana- 
esthesia, in shock, during transportation, repositioning, and endoscop- 
ic examinations Post-operative excitation can be relieved by 
small doses of diazepam or dropendol 
The preparation is available in 10or20-ml vials(lml contains 5 
or 10 mg of the pieparation) The vials should be kept under lock 
Propanidid (sombrevin, epontol) is a pale-yellow oily liquid, 
sparingly soluble in water It is a short-acting anaesthetic, quickly 
and easily inducing sleep and rapid recovery without prolonpd 
depression, which makes it useful for out-patient applicatmn It is 
administered mtra\ enously using a large-diameter needle ihe dose 
IS from 5 to 15 mg per kg body weight The preparation is contrain- 
dicated m shock, cardiovascular pathologies during the decompensa- 
tion stage, and haemolytic anaemia The preparation should b 
used with precautions in patients with hypertension and disorde 

coronary circulation , 

Propanidid is produced in 500-mg ampoules, co P . 

1600 mg of diluent (and 70 mg of sodium chloride) p P 
should be kept in cold , , intm- 

Etomidate (hypnomidate) is another nn Pinal chemical 

venous anaesthesia It is chaiacterized by ^ effect It is 

structure and a very broad spectrum of LP i 

a short-acting anaesthetic its effect lasts for - m cardiosurei- 
m a dose of 0 3 mg/kg body weight It is widely used in cardiosurgi 

(aIphalhos.ne) .a a steroid 

SrrmLSe: i“\;h°ariiHstrlt.o\ ^ the preparation can 

cause lespiratory depression renditions 

Etomidate and althesine are nsed in ou -p 

Local Anaesthetics 

Procaine hydrochloride n ^aterlnd £lioi, bitter 

to taste It has a local 

infiltration, spinal, and epidural ® j g yyi^en absorbed in 
human body the preparation quick ^ ^ vessel, novocame has 

the blood, or injected directly into activity of cholinesterase 

a general anaesthetic effect, mhibi ^^.g^yichohne, has a slight 

systems, decreases the s^asm^of smooth muscles and 

ganglioblocking effect, decreases tb P excitability of the 

ovcitabihty of the heart muscle, and decreases ex 
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motor 7onos in the cerebral coitev A 0 25-0 5 per cent procaine 
solutions are used for infiltration andosthcsia According to A Vish- 
nevsky, 0 125-0 25 per cent solutions are used (creeping infiltration) 
Conduction anaesthesia is attained with 1-2 pei ccntprocaine solutions 
Theconcentiation of the preparation for epiduial anaesthe'^ia is 2 pei 
cent (20-25 ml), for spinal anaestliesia 5 per cent ‘•olntion (2-5 ml) 
The preparation is produced in 1, 2, 10, and 20 rnl ampoules 
containing 0 25 and 0 5 per cent solutions A 20 per cent solution is 
available in 1, 2, 5 and lO^ml vials The pieparation should be kept 
in the dark 


Trimecaine (mesocaine) is a white or Yello^Msh powder, readily 
soluble in ^\ater and alcohol It is u^ed for conduction and infiltra- 
tion anaesthesia It is a more active and longer-acting anaesthetic 
than novocaine The pieparation’s toxicity is low and it does not 
produce local irritation of tissues Trimecaine for infiltration anaes- 
thesia is used in the concentration of 0 25, 0 5 and 1 per cent solutions, 
for conduction anaesthesia the concentration is 1 and 2 per cent 
In order to strengthen and piolong the analgesic effect of the pre- 
paration, 0 1 per cent epinephrine solution is added (0 1-0 2 ml per 
lU-ZO ml) Irimecaine is well tolerated by the patients In hypersen- 
sitive patients it may cause headache, nausea, and burning or 
Itching feeling m the wound 

The powder should be kept in well stoppered bottles 
I etracaine hydrochloride (dicaine) is a ^\hlte odourless crystalline 
powder Its local effect is much stronger than that of procaine, but 
.V , ten times higher The preparation is used to anaes- 

Pharynv, larynx, trachea, for endoscopic mani- 
puiations To do so, a cotton ball is wetted with a 0 5-1 per cent 

with ° mucosa is treated 

the^SL.a ^ 2 or 3 per cent solution is sometimes used for 

cause severe toxic effects Lethal out- 
comes were reported from incorrect use of dicaine 

well storoS 

(Ycaine) is a yellowish white crystalline 

locll anIsUiP strong 

tS of Its anaesthetic effect is stronger and longer than 

0 5 upr ?p^t o?i ’+ toxicity IS comparatively low Its 0 25- 

0 5-1-2 ner rout are used for infiltration anaesthesia, while 

used for endn^onnip w *^‘^^*Inction anaesthesia Lidocaine is 

with medicinal ations (irrigation or treatment of mucosa 

rxlasvsiole dur^nr^i^ arrhythmias, especially in ventricular 

Whenniven’in on the heart, and for angiography 

hypotensive effect doses, lidocaine has a mild vasoplegic and 

Percent solution S ^ injected intravenously as 

per cent solution (2 5-5 ml) m 5 per cent glucose The dose should 
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be injected slo\Yly, within 1-2 minutes The anaesthetic effect lasts 
for 15-20 minutes The control of EGG is necessary The preparation 
IS contraindicated in cases Avitli cardiovascular insufficiency, atrio- 
ventricular block (II and III degree), and in hepatic and renal 
dysfunction 

The pieparation IS available in 2-ml ampoules (2 per cent solution) 
It should be kept in the dark 

Cincliocaine hydrochloride (sovcaine) is a white crystalline powder 
readily soluble in water and alcohol It is 15-20 times more active 
than procaine, and 15-20 times more toxic Its withdrawal from 
the body is slow The preparation is mainly used for spinal anaes- 
thesia in a dose of 0 5-0 7 ml of a 0 5-1 per cent solution (with all 
precautions) The preparation can leduce arterial pressure (1 ml of a 5 
per cent ephedrme solution should(fiist be injected subcutaneously) 

The preparation is available in 1-ml ampoules containing 0 5 and 
1 per cent solutions The preparation is also produced in powder 
form It should be kept in tightly stoppered bottles of orange glass 


ANALGESICS 

Morphine hydrochloride has a powerful analgesic and sedative 
efiect, it causes sleepiness and euphoria, inhibits respiration, slows 
down the heart rate, causes vasoplegia, stimulates the vomiting cen- 
inhibits the gastrointestinal secretion, and increases the tone of 
smooth muscles of the bronchi and the bladder Morphine prepara- 
tions are called narcotic analgesics Morphine is used for premedi- 
cation It IS given subcutaneously, 40-50 minutes before an operation 
Its effect IS attained in 10-15 minutes and lasts for 3-5 hours The 
Preparation is used for anaesthesia with deep central analgesia 
Morphine preparations are used postoperatively to alleviate pain 
end as a sedative In order to remove side-effects (nausea, vomiting, 
bradypnoea), it is recommended that morphine preparations are 
given with cholmolytic preparations 
The preparation is produced in powder form and as a 1 per cent 
solution (m 1-ml ampoules) Morphine preparations should be kept 

the dark (under lock) ^ ^ u 

Omnopon (pantopon, domopon) is similar in its action to morphine 
ond it IS used for the same indications It is less popular than mor- 

or promedol though a a n 

The preparation is produced as powder or as 1 and 2 per cent 
solutions (in 1-ml ampoules) It should be kept in a dark and cool 

place (under lock) , 

Trimeperidine hydrochloride (promedol) is similar to morphine in 
Its effect on the central nervous system but its analgesic effect is 
somewhat weaker, the toxicity is markedlj^ lower, its inhibiting 
effect on the respiratory system is lower and the action on the blood 

<*-01222 
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circulation is milder, it provokes vomiting 

aration is used as an analgesic in various diseases and injuries 
It IS widely used for premedication for surgery, during Postoperative 
period, and also for general anaesthesia to strengthen the analgesic 
effect The effect lasts for 3-4 hours The preparation is well tolerated 
by the patients Among aftereffects are nausea, dizziness, anti 

The preparation is produced as powder, in 0 025 S tablets, or as 1 
and 2 per cent solutions in 1-ml ampoules It should be kept under 

° Phentanyl (sentonyl, fentanest) is a rapid-acting agent with 
a strong but short-acting analgesic effect Its analgesic activity i*^ 
100 times higher than that of morphine The maximum effect is 
attained in 1-2 minutes after its intravenous injection and m lU- 
20 minutes after intramuscular or subcutaneous administration 
The analgesic effect lasts not longer than 30 minutes The prepara- 
tion has an inhibiting effect on the respiratory function and cp 
cause apnoea and marked bradycardia relieved by atropine ihe 
preparation is widely used for neuroleptanalgesia in combination 


with neuroleptics 

Droperidol and phentanyl are manufactured as a ready-mixed prep- 
aration thalamonal The preparation is available m the form of 
0 005 per cent solution in 2-ml ampoules and 10-ml vials It should 
be kept under lock 

Dipidolor (piritramid) has a pronounced analgesic effect (twice 
as effective as morphine), causing no vomiting or respiratory distress 
It can be used post-operatively to relieve pain, in patients showing 
habituation for morphine and promedol The analgesic effect lasts 
for 3-4 hours, if the dose is doubled, the effect lasts for 10-14 hours 

The preparation is produced in 2-ml ampoules containing 15 mg' 
of the preparation 

Pentazocine (lexir, fortral) does not differ substantially from 
morphine in its analgesic activity Nausea, vomiting, intestinal 
paresis, retention of the urine, or respiratory distress occur less 
frequently and are less pronounced The anaesthetic effect lasts for 
3-4 hours The preparation does not affect blood circulation It has 
good local and general tolerability Contraindications for its use are 
renal and hepatic failure 

The preparation is produced in 1-ml ampoules containing 30 mg of 
pentazocine The preparation should be kept under lock 


NEUROLEPTICS, SEDATIVES, AND TRANQUILIZERS 

Aminazine (megaphen, plegomazin) has a marked sedative effect. 
Large doses can cause a condition close to physiological sleep It 
potentiates the effect of anaesthetics, hypnotics, analgesics, and 
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local anaesthetics The preparation is an effective antiemetic It 
effectively relieves hiccup and is a strong adrenolytic preparation 
It causes tachycardia, hypotension, and peripheral vasoplegia The 
preparation is mainly used as an antiemetic and a peripheral spas- 
molytic The prepaiation can also be used for premedication I 
inhibits thermoregulatory mechanisms and is used foi hypeipyrexia 

The preparation is available in 0 025, 0 05 and 0 1 g coated tablets, 
and as a 2 per cent solution in 1,2, and 5-ml ampoules The prepara- 
tion should be kept in the dark 

Propazine’s (aniprazine, frenyl) action is similar to that oi amina- 
zine Its sedative effect is slightly inferior while the antiliistaminic 
action IS more pionounced Its toxicity is lower Indications and 
contraindications for the use of propazine are the same as tor ami- 


o^zine , ^ n j 

The preparation is produced m 0 025 g coated tablets and as 
a 2 5 pel cent solution in 2-nil ampoules The preparation should 

be kept in the dark , i„^+,„ 

Halopendol (aloperidin, haldol) has 
and Iranquilizing action It potentiates the a ’ 

anaesthetics, and analgesics Its adrenolytic ^ 

preparauon .s So 

Other neurotropic pieparations during , mti'amn'?- 

Tlie preparation is prescribed for peroral, mtra , ,, 

cnlar administration Extrapyramidal disorders associated 

use of halopendol can be relieved by h^^^^ 

affections of the kidneys are contraindma lo 

ndol The preparation is produced in the form o 0 0015 0 | 

tablets as a 0 5 uer cent solution in 1-ml ampoules, and U z per cen 
soWk in loil'ialfcS drops of the solution are equivalent to 

1 mg of halopendol) ^ short-acting 

J^yeridol (droleptan, P^”> efficient ^antishock and anti- 
neuroleptic preparation It is also an . the effect i& 

emetic preparation When administered ^ \Q.i$ minutes 

observed in 2-3 minutes attaining its m gradually within 

and lasting for 30-40 minutes The g ts Its neuroleptic effect 

2-4 hours Practically there The preparation is 

IS three times stronger than combination with tho 

^sed for premedication and v -r-ije preparation is con- 

analgesic phentanyl (^®'''’°^®5^Xdi!Sders ^CarLhould be exerted 
traindicated for extrapyramidal d floated with hypotensive- 

a pviBg the preparation ‘o Pf “£l7 fall after the 
drugs since the arterial pressure m y 

administration of droperidol containing 25 mg. The 

The preparation is available in r 
preparation should be stored with precautio 


6 * 
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Tlicilamonal is a complev piepaiation (onl.iiiiinq: 2 7) niij of dropo- 
ridol and 0 05 mg of phcntnnv! m 1 ml 'J’lio preparation U‘'ed for 
anaesthesia, for el imin.ition of lung oedema and attacks of icnal and he- 
patic colics, in tiaumatic ‘-hock, .uid foi prcrnedication of p.ilienls iie- 
foie various diagnostic and theiapeulic manipulations The prepa- 
ration IS injected intramusculaily or intiavenou'^lv (1-5 ml). 

Thalamonal is pioduccd in 10-ml Mak The preparation --hould he 
stored with precautions 

ChlordiazepoTide (elenium, napoton) is a h>pnotic picparalion 
which acts sedatively on the cential nervous svslern, it also has 
anticonvulsive effect and causes relaxation of musclc= J’lie prepa- 
ration IS given in 2 5-5 rag doses two tunes a day foi prerncdicalion 
and during the postoperative period The preparation is contraindi- 
cated for acute diseases of the kidney‘', liver, and in severe rnvasthe- 
nia It should not be used Mitli inhibitors of monoaminoxidase or 
phenothiazme derivatives 

The preparation is produced in 0 01 g coated tablets, should be 
stored with precautions 


Diazepam (seduxen, relanium) is similar to chlordiazcpoxide but 
IS more effective in smaller doses Itlias minimum effect on the cardio- 
vascular system and a pronounced sedative and hypnotic effect, 
it relaxes muscles and has anticonvulsive action The preparation 
IS used for premedication m 5-10 mg doses which are gn en 60-00 min- 
utes before the operation It is effective for cramps of various 
genesis, given m 2-5 or 10-20 mg doses, \\liich are injected intrave- 
nously slowly in 20 ml of a 40 per cent glucose solution. If the pre- 
paration IS injected rapidly, it may cause hypotension and respirato- 
ry IS ress The preparation is contraindicated for acute diseases of 
tne liver, kidneys, and severe myasthenia 

Diazepam is produced in 0 005 g tablets and 0 5 per cent solution 
-m ampoules The preparation should be stored with precautions 
(trimetozine, sedoxazine) is a tranquilizer. It poten- 
narcotic and hypnotic agents The preparation is 
Tiancjpn P'‘’®™edication of patients Big doses of tiioxazine can cause 

and dry mouth mucosa The prepara- 
cautions^ in 0 3 g tablets that should be stored with pre- 


MUSCLE RELAXANTS 

ar^'Tn^^rltnr^" are substances that block selectively the refle.x 
5 the nrenar?^^^ specific selectivity 

central^nervmi^ muscles without inhibiting the 

Sms a?e Spp? a functions Muscle rela- 

hecomes nossiblp tn dming operative anaesthesia because it 

with low and harmlp^S an operation with shallow anaesthesia 
d harmless anaesthetic concentrations in the blood 
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svffSl rf ^ Muscle relaxants act on the neuromuscular 

seems necessary, before describing the mechanism of 
action of muscle relaxants, to discuss in short the modern concepts 
ji^^^romuscular synapse and processes occurring in it It is 
tha 1 f transition of excitation from the nerve Onto 
skeletal muscle is effected with involvement of the chemical 
apnt known as mediator acetylcholine But the chemical mechanism 
excitation obligatory includes the elements of 
eiectrophysiological factors As a nervous fibre approaches the 
iscie, it ramifies and each branch leads to a separate muscle spindle, 
wfth^ +1 Derve cell (neuron) loses its myelin sheath and as if fuses 
11 the cells of the muscle fibre, thus forming a neuromuscular 
ynapse The mtei action between the nerve and the muscle in this 
effected via membranes The exposed portion of the nerve 
hich opposes the surface of the muscular fibre is coated with 
fil membrane, while the exposed portion of the muscular 

re ends with a terminal plate The side of the plate in apposition to 
le terminal membrane of the nerve cell is called postsynaptic There 
a microscopic slit between the postsynaptic membrane and the 
rriembrane Tins is called subneural space A system of 
®^y^^Mine (including various states of this mediator connected 
Hh the protein complexes and other substances, such as choline- 
cetyiase, acetylcholinesterase, choline receptor and bound acetyl- 
is found m the region of the neuromuscular synapse, inside 
Jfle cell When an impulse passes along the nerve fibre and reaches 
e neuromuscular synapse, acetylcholine is released from its pro- 
iii complex and passed through the synaptic slit to interact (by 
usorption) with the protein receptor found on the postsynaptic mem- 
rane Adsorption of acetylcholine alters permeability of the post- 
ynaptic membrane to various ions permeability to the potassium 
on, and especially sodium ion, increases Positively charged potassi- 
ions and negatively charged chloride ions are accumulated on 
oe inner surface of the postsynaptic membrane, while the positive 
of ion IS accumulated on the outer surface Uneven diffusion 
the ions polarizes and then depolarizes the membranes This 
ocounts for excitation and inhibition processes 
j costing postsynaptic membrane is polarized, i e its inner suiface 
®^®otronegative with respect to the outer surface The electrostatic 
herence between the inner and outei surfaces is called the lesting 
potential (static polarization) Changes in peimeability of the post- 
ynaptic membrane caused by the action of acetylcholine and bj the 
Passage of a great quantity of the sodium ions to the inner suiface of 
oe membrane decrease its electronegativity Thus, the potential 
uerence between the surfaces of the postsynaptic membrane de- 
e depolarization of the terminal plate occurs theactionpot- 
“iial arises As soon as the action potential attains a certain magni- 



gg P,lll Ollf fiflHliil I’j'ihlr'Ill I 

Uldc, il acls as a slininlnnl on Iho neiplihonfinp fxjrfjon of Ihe 
mu‘-cle libro to caii‘^o il^ dopol.n i/ation and (ontraclton '1 in- toniu- | 
nal plate icmains dp|)ol<iri/od foi 2~‘i nis hn.iii'f ?h (‘l\ b liolinc | 

quickly dcslioyod bv acolvlrholine* tr ra*-!* fha < bolinupic n'f <-ptor , 

IS iclea=ed to accept anotbci jiortion of ,u of n b lifdiiif Af eU Iclioiirii 
IS lesj nlbesi/ed under the action of < bohnoaf el^ la'^f and bound 
again With Ibe protein comi)lp\(“’ 'oon .i*- tin < holint rgic k ' '‘J> tor ^ 
of the teiininal plate beconic^^ fice fiom ai i't\ b iioinu tbo 'f Ifiti^o 
pcimeability of the posts\naptio membrane i'- rigaiufd 1 he pota*-- 
sium and sodium ions diffu'-e to llieii {liare, (hr* ffinunii plate i*; 
repolaii/ed, and the icsling potential i*- U'-loied 'I !if tianMui^-'ion : 
of evcitation fiorn the nei\c to the inn^tlc ainl it*- mnti.Htion 
are only possible on condition tint a ptoie^- of ir.in-itiun from 
static polarization to depolan/ation fand tin- re^ei'e) i" t oust uith | 
maintained in the neuromuscular s\nap<-e and tin mii-'f ul.ii iibro 
Disturbance in any link of this continimii'' pioie^-s (statu polariza- 
lion-depolan/ation-repolaii/ation) distuibi llif nuutular actiMt\ 

The effect of most rcla\anls on the neuiomuscular s\nnpse is Imscd 
on competition of these siibslancos with accKb holme foi the ren p- 
tois of the terminal plate Muscle iela\ants take up the leccptors 
sooner than acetylcholine and block the action of tlie me- 
diator 

Classification All muscle relavanls can be ilnided into sen oral 
groups depending on their pioperlies. such ns the chemical ‘-tructure, 
time of action, effect on the patient, and the medianism of their 
action By the mechanism of action mu'-cle relaxanis can he di'ided 
into two substantially different gioiips peripheral lelaxanls (mainly 
the rela\ants used in clinical conditions) and central rcla\enls \%hich 
block synapses of the spinal cord (meplioncsinc and ghceroguaiacol 
ester) Peripheral lelaxants arc dnided into the folloving three 
groups 

1 Non-depolanzing lolayants — the preparations pre\ eating reac- 
tion between acetylcholine and theieceptor, thus inhibiting depolari- 
zation They have no practical effect on the phjsical, chemical or any 
other properties of the receptors of the terminal plate nor does ace- 
tylcholine cause depolarization of the terminal plate This group 
includes cZ-tubocuraiine (tubarme), flavedil, diplacin, and some 
others 

2 Depolarizing relavants — the preparations causing stable depo- 
larization of the terminal plate after the first, second, and sometimes 
the third administration, and inhibiting repolanzation After 
adsorption on the receptors they act like acetylcholine and cause 
depolarization Unlike acetylcholine (yliich is decomposed in 
thousandth fractions of a second) they'^ ensure depolarization that can 
last for a few minutes, during A\liich repolanzation of the post- 
synaptic membrane of the terminal plate is impossible After repeated 
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adnuni^tr.ition*- llic-e icln\ants cause anlidepolaiiration block. The 
group includes succinyicholino chloride and decamethomum 
3 Mixed rclaxanls are piopnrations causing depolarization and 
then non-dopoiarization block aftei a single injection in all cases 


Xoii-dcpolanzing Muscle Relaxants 

Tuoocuranne chloride (tubarine) blocks inainlj n-cliohne leactive 
sistenis of Ihc ‘-kcletal muscles and has a strong myoparalytic effect 
Its action (after an intraxcnous adininistiation) dex'elops gradually 
and the musclc'^ are relaxed in 1-2 minutes Myoplegia begins Avith 
the mu«cle‘' of o\esand cvolids, then it passes onto the muscles of 
the extremities and the abdomen The diaphiagm relaxes the last 
Complete relaxation lasts for 20-25 minutes Repealed doses should 
he 1* 2-2 time': smaller The pieparalion has no substantial effect 
on the Altai bod\ functions It decieascs slightly the arterial pressure 
nnd tan sometimes can've hioiulual spasm The antagonists to tubo- 
curanne are pio^erm and galanthanune, AAdiicli are usually admin- 
istered with all opine . , ^ i < 

The preparation is available in the foim of a 1 per cent solution n 
2- and .j-ml ampoule': The preparation should be kept under lock 
Diplacinc is Minilai to lubocurarme by its action The maximum 
effect IS attained in 5-6 minutes foIloAAing the 
and lacts for 30-'i0 minutes Since the preparation has 
latue effect, a repealed dose should be decreased or 
prepaialion is not used Avidoly because of the liigb Aariation in b 

tunc of Its action „ . , c 

The piepaiation is produced as a 2 per cent so 
poules The prepaialion =l'f “ Jic kept in the dark 
Uloxonmm is a muscle relaxant ot t-he /nixea mtrave- 

depolanzation and then non-dcpolarization _2^ u^utes and 

nous administration, the muscles are relaxe 2 

raraain .0 for 20-40 minutes Whenevei 

gi'en additionally The antagonists to the preparation p 

and galanthamme of a 0 1 per cent solution m 

Dioxonuim is produced m the form 01 a p 
0 5-mI ampoules The Preparation shou d be^kept^m^tb^^^ 

■Paonfon is a neuiomusculai relaxant It „ ^ x pressure 

^-n It does not cause 

The preparation is used during opera , ^he maximum 

thoracic organs, in ophthalmology and P continues for 

"feet IS attained m 2-2^2 minutes ^“f^^^^^L\^^travenously Con- 
ahout 45 minutes The preparation is ^ ^ and diseases of 

traindications to this preparation ar y ampoules (1 ml 

the kidneys The preparation is produced in 2 ml ampou i 
of the solution contains 2 mg ol the preparation) 
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Diadomum is a sliort-acting non-depolanzing relaxant The 
muscles are relaxed in 15-40 seconds and remain so foi 5-10 minutes 
When administered repeatedly, the dose should he decreased IVg 
times The preparation causes dilation of the pupils which remain 
widened for 25-30 minutes The antagonists to diadomum are pro- 
serin and galanthamine 

The preparation is produced in pouder form and as a 2 per cent 
solution in 2-ml ampoules 

Depolarizing Muscle Relaxants 

Dithylin (succinylchohne chloride, royo-jelaxin) causes t%\ilching 
of the muscles of the face, neck and extremities in 10-15 seconds 
after administration, twitching continues for 15-20 seconds and 
the muscles then become relaxed completely ^Mth apnoea for 5- 
7 minutes Complications are usually absent except hrad 3 ’'cardia and 
increased intraocular pressure in some cases Dithylin can be used 
during intubation of the trachea, diagnostic manipulations, and 
minor operations 

The preparation is available as a 1 per cent solution in 2-ml am- 
poules and vials containing 0 1, 0 25 and 0 5 g of the preparation 
ihe preparations should he kept under lock 


CARDIOVASCULAR PREPARVTIONS 
Cardiac Glycosides 

(digolan, lanicoi), as other preparations of fox'glove, act 

markedlj the heart rate and has 

preparation is used to treat acute heart 

and aUn in operations, in the postoperative period, 

nouslv in S !>n preparation is administered intrave- 

nously in 5, 20 or 40 per cent glucose solutions 

cent^soKorlifV^ available m the form of tablets, and 0 025 per 

ampoules Digoxin should he stored in the 

.ntoveno“s*admmk°rS^^^ a ramVMd“strojf“ 

or conduction of the atr ^ t ^ril^ slight effect on the heait rate 
or conduction of the atrioventricular node The nrenaration used 

n;ecWsloS m aT 2 k^ Paroxysmal tachyoaX fs 

catmns to « „f’ I? Fu"'’ Contraindi- 

hoart and vessel defectr’’ 'ordiac arrhythmia, organic 

The preparation is available in the form nf n n hk -no + it 

in 1-ml ampoules The Preparation^ stSd° h: kep/frtS‘dtf ““ 
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Corghjco 7 } lin*: a nuklei though longci effect Ilian stiophanthin Th& 
indication'^ for 11“= u'-c aic the same a‘= t]io«e for stiophanthin and 
digitalis The preparation i'- intended for ‘5lo\\ intravenous injection 
The prcpaiation is a^nllahleln 0 06 pei cent solution in 1-m 
ampoules It should be kept in the dark 


Ant i-arrh j Ihniic Preparations 

Aoiocnwanudc {aniidoprncaine, procainainidc) 
alnhtv and conduction of the heart muscle and inliihits th^ actmtj 
of ectopic foci of autoinatiMU It prevents and 
The preparation is intended for slow ^ J iimrlirhe 

administration inaN he folloved hv Hs 

nau«ea, Aomiting, excitation, in'-oinnia, and b 
mouth Contrnindicnfion'^ heait block „,i oo o tn npr cent 

NoNocainaniido is nxailablc in 0 2o g tab ^ ‘ 

solution in a-inl ampoules Ihc pieparation sh ^ P 

nulcT.I) .en!.e.,s tte f 7/ ttt 

impulsation on the p-adieiiergic ^ .i p cardiac output 

rate, decrease^ mxocardial contractilitv, jg mtended 

Anaprilin is u«=cd av an contiol Bradycardia, 

lor slox\ intraxcnou': injection xMth L'-' fiinirhoea are some- 
b>polcnsion, nnu'=oa veakne^s, ‘ of preparation are 

times ob'jeucd* Contraindications to the u.c ^ock, and ten- 

disorders m the atrioxentncular conduction, heart bloci., 

dency to bronchospasni inhlpis and in 5-ml ampoules 

The preparation IS produced in lOmg • should be 

containing 5 mg of the prcpaiation ine pr P 

bept in the dark , , i lUo mronaiv vessels and 

Verapamil (isoptin, dilacoian) m treating par- 

decreases the aiteiial lone It is types of fibnlla- 

oxysmal supraventricular tachycardia, Contraindications 

tion tachycardia, and venlriculai e\ y , , rpj preparation 

rardiac shock and atriovonlr.cular 'f"'' "T'jthna 

should bo used with P’'f '"■%"’ ’"eOTlod tablets and 2-inl (5 mg> 
Verapamil is produced in 40 mg c 
Ampoules 

S.as™„,.«e, Vasod„a„„. and H.P— J;:" noootb 

Papaverine hydrochloride decreases eliminates spasms of 

Muscles, and has a mild sedative e , gjjial asthma and bron- 
’""’"plieral vessels, prevents attacks intravenously and subcuta- 
Pasm The preparation is injectea 
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Papaverine is available in the form of 0 02 g tablets, and 2 per cent 
solution in 2-ml ampoules 

Aminophylline (aminocardol, diaphyllme) has a vasodilating and 
spasmolytic effect, it dilates the coronar\ vessels, relaxes the 
bronchial muscles, and intensifies the lenal blood flow It is effective 
when given together with cardiac glyco'^ides in emergency therapy 
and regulates the waler-electrolj te metabolism during operations 
and in the post-operative peiiod The piepaiation is intended for 
slow intravenous injections Contiaindications pionounced hypoten- 
sion and ariliythmia 

Aminophylline is produced in poudei and tablets of 0 05 g, as 
0 2 g suppositories, and as a 24 per cent ‘solution (in 2-ml ampoules) 
and a 2 4 per cent solution (in 10-ml ampoules) The preparation 
should he kept in the dark 

Dibazol (tromasedan, hendazole) has a vasodilating, spasmolytic 
a stimulates the function of the spinal 

cord The preparation is used during anaesthesia and post-operative 
period It is intended for intravenous and subcutaneous injections. 

le preparation is produced in 0 02 g tablets, as powder, as a 1 per 
cen so ution (m 1-ml ampoules), and a 0 5 per cent solution (in 
4-ml ampoules) 


OTHER PREPARATIO NS USED FOR ANAESTHESIA, 
RESUSCITATION, AND INTENSIVE THERAPY 

Hypnotics 

harbitural) is a white crystalline powder 
is diirablp 'TV.’ soluble in boiling water and alcohol Its action 
Jioms TbP P 30-^0 minutes and lasts to ten 

mainlv witSwn r®'' destroyed in the body rather slowly, and is 
kidnevs dunno- S H unchanged form by the 

thetdr“‘ 

moan?^esT)ena^fv^ip°^ preinedication, as a sedative and hypnotic 
night ’a sinnle dnc;p readily fall asleep but wake at 

"nfo sYSatlMteT ° 0 25 g to oluldreo' aged under 7, 
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Barbital sodium i*; a\ajlal)le in 0 3 g tablets and poAvder Itshould 
be sloiod With ptocanlions 

Phenoha>‘lnial (luminal, sedonnl) is a wliilo cr\sta]Iine powder 
'Without odour with a billci taste, ‘'oluble in waloi and alcohol It 
IS a long-art inir li\ pnotir and anticoin ulsant pioparalion It is given 
befoie night sleep together with antihislammic piepaiations 
"Jlio pieparation is produced ns powdoi and tablets of 0 05 and 
■O.! g. It ‘■iiould bo ‘'lorcd with precautions 
Barbamul (nnntal ‘'Odimn) is a white fine crystalline pow'^der 
without odoiu, ro.uiil) ‘jolublo in w'aler The patient sleeps for 
•about G-S hours It is quickU decomposed in the liver, is not accu- 
mulated in the bod\, evicpt iii patients with diseased liver The 
sedative efioct of barbnmyl inlonsilied if aiitihistaniinic prepara- 
tion= 0 g supraslin, dimedrol. pipolphen, aic given simultaneously 
The preparation 1 “: gi\Gii per os before night sleep on the eve of 


operation 

The preparation is piodiued powdei and 0 1 and 0 2 g tablets 
that <'hould he ‘•tored with piecautions 

Chloral h’fdratc (aquachloial, chloradorm) is a sedative, hypnotic 
■3nd analgesic preparation When given in big doses, it produces 
■a narcotic effect It is also used as an anticonvulsant (by enema) 
To that end, I g of (lie preparation is mivcd wulli 25 ml of a viscous 
substance and 25 ml of distilled water The sleep is induced in iO- 
20 minutes and the patient sleeps foi 5-6 hours Hypotension is 
frequently observed 

The prcpaiatiou i^^ produced m pow^dci and 0 o, an 
fets Chloral hvdinte should be kept in light containers in the dark 


Anlihistaminic Preparations 

Biniedrol (alledrvl, alleigan) lessens the 
^»fso ha^. a sedatne effect and intensifies the YA^nShon Sn be 
analgesics, it has a mild anliemotic property P q- ^^5 

«sed to lessen the body response during 
^ubslilulos, Its 10 per cent solution is used for 
during rliinological Operations The pieparation is also given per os, 

intramuscularly, lnt^avenousl>^ ^ in 0 05 g tablets, 

The preparation is produced in powd | urenaration 

^''nd also as a 1 per cent solution m 1-ml ampoules The preparation 

should bo stoied with precautions _ to antihistammic 

Diprazin (pipolphen, antiallersin) ^ ^ nervous system, 

properties, the preparation effects of other 

potentiates the hypnotic, narcotic, an a ^ pronounced 

preparations, it is effective ®S:ainst ^ p vomiting centre). 

^ntiemetic property (decreases f^<^^^^^^^l,g7sensxtivity to blood loss, 
also has a vasodilating effect, increases sensiuvii^y 
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and gives a moderate peiipheral cliolinolytic effect, it produces hypo- 
thermic action explained by intensified heat ^\lthdra^val due to \a- 
soplegia with predominant dilation of the skin Acssels and decreasing 
motor activity The preparation is destroyed mainly by the liver 
vhere it is inactivated by 70-90 per cent r)ipia 7 in is veil tolerated 
by the patient Nausea, dryness and moderate anaesthesia of the 
mouth mucosa sometimes occur Infiltrations are possible in intra- 
muscular injections 

The preparation is produced in 0 025 g coaled tablets, vhich 
should be stored with precautions 

Supiastin (chloropyramine, synopen) has a marked antihistaminic 
effect, it also has ‘^edative properties The preparation is used for 
prernedication and for vaiious allergic reactions The preparation 
is administered per os, intramuscularly or intra\enously. 

The preparation is produced in 0 025 g tablets and as a 2 per cent 
solution in 1-ml ampoules Should be kept under lock 


Anticholinesterase Preparations 

Prosenne (neostigmine methylsulfate) has pronounced anticholm- 
s srase activity It is an antagonist to the curare-like preparations 
■infi! stimulates accumulation of acet^dcholme 

curare-hke substances from 
rarrlrn administration of prosenne causes bradj^- 

frivpn (0 3-0 5 mg) sliould therefore be 

broncbml PQtf Y Contraindications epilepsy, hyperkinesia and 
Siacin antagonists to prosenne are atropine and 

produced as a 0 05 per cent solution 
preparations should be kept in the dark 
inhibitor of pVini prosenne by its action Being a stiong- 

aceWlcholmP increases the body sensitivity tn 

traindications administered intravenously Con- 

hyperkmesi, and 

in?-mramno?l°ea “0 25, 0 5 and 1 per cent solution 

ml ampoules Galanthamine should be kept under lock 


Cholinolytic Preparations 

salivary and sweat glands decrees' the '^^we tion of the 

dilatec the mimlt? decreases the tone of smooth muscles,^ 
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the operating room, 2-3 inmutes befoie the operation (intravenously) 
to ensure lohable vagolytic cflecl 
The prepaiation is pioduccd as powdei or 0 1 per cent solution 
(m 1 -ml ampoules) 

Scopolamine hydi obromide is similai in sliuctuie to atropine and 
its action on the human organism is ‘^imilai as well Unlike atropine, 
scopolamine has sedati\e piopertics and causes sleepiness and 
amnesia Like aliopine, it is used foi premedication together with 
analgesics and hvpnotics The piepaiation is produced as powder and 
a 0 05 per cent solution in 1-nil ampoules 
Melhacin has a selective peiipheial m-cholinolytic action It is 
twice as acti\c as ati opine, decreases the secretion of the mucosa, 
and removes spasms ^\hen injected intiavenously It ^ similar 
oGect on the cardiovascular system, but its action on the dilation o 
the pupil IS ten times less effective The routes of administration 

are the same as for atiopine , 

The preparation is produced as a 0 1 per cent solution in 1 -ml am- 
poules and should be stored in the dark 


Ganglioblocking Preparations 

Benzoliexoniiim (hevanium) is used for 
duung operation, to prevent vegetative relieves, and ^ j 

The preparation is administered intravenously, , 

subcutaneously About 50 pei cent of the 
from the body by the kidneys in the unchanged lo™ and 
mg preparation is evcreted as metabolites wi ii and 

preparation may cause tachycardia, dryness the mouth ami 
decrease the tone of the intestine ^oa’^^aindicatious ^j^an^es in 
Sion, affections of the kidneys and the L^er, , poa^ulatinn and 
the central nervous system, disorders in the 

m 0 1 g tablets -d 5 Pe “ ‘ 

solution in 1-ml ampoules The preparations should be storeu m 

tightly stoppered containers strong short- 

A-rfonad (trimethaplian camphorsulfona ) smooth muscles 

acting ganglioblocking agent It ^J^^s^amine It causes a mild 

of the vessels and promotes the release or therefore possible 

hypotension in the veins, venous m lung oedema. 

The preparation is used for a®” trolled hypo circula- 

and during operations on the heart tered^by intravenous drip 

tion and vessels The preparation is admin cause stable and 

because intramuscular and ^uhcutaimous in] 2.4 mm- 

almost uncontrollable hypotension The P P discontinuation of 

«es after the admimslratioa, m4^ “““rattwtt .S rilial level m 
administration the arterial pressure rises to attain 
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15-20 minutes Contraindications anaemia, acute blood loss, severe 
diseases of the liver, kidneys, heart, and the central nervous system 
Arfonad is produced in poA\der foim in 2.50-mg vials 


Adrenaline and Adrenomimetic Prepaiations 


Adrenaline (epinephrine) acts similar to the effect of excitation of 
the sympathetic nerves It accelerates the heart rate and intensifies 
the heart contractions to increase the stroke \olume Adrenaline 
contracts the vessels of the kidneys, skin and subcutaneous cellular 
tissue, contraction of the pulmonary vessels and the vessels of the 
skeletal muscles is less pronounced Adrenaline dilates the \essels 
of the heart and brain, and increases the arterial pressure. Adrenaline 
causes relaxation of the muscles in the bronchi and the intestine, 
intensifies the tissue metabolism, and increases the glucose ]e\el in 
the blood The preparation is administered subcutaneously, intra- 
muscularly, and intravenously It is used for cardiac weakness to 
eliminate attacks of bronchial asthma, and for allergic reactions 
Adrenaline is administered directly into the heart in case of its 
arrest 


Adrenaline is produced as a 0 1 per cent solution in 1-ml ampoules 
the preparation should he kept in the dark 
Noradrenaline hydroiartrate (arterenol, levarterenol) As distinct 
irom adrenaline (epinephrine), it has a less marked effect on the 
heart and a strong vasoconstrictor effect It has a mild broncholytic 
ion an is a mild stimulant of metabolism Noradrenaline is used 

decreased tone of the peripheral 
nTPcoiiT- ^°i ® administered for stabilization of arterial 

Operations on the sympathetic nervous sj^stem 
ydrotartrate is administered by intravenous drip 

noukt as a 0 2 per cent solution in 1-ml am- 

poules It should be kept m the dark 

(ephedrosan, neo-fedrin) has the same 
It increaspf as adrenaline but it is a short-acting agent 

central nervous svsto°^ respiratory centre, stimulates the 

Sion durimr nupra^m js rised for allergic conditions, hypoten- 

in 30-60 seconrls injuries Its effect is marked 

for 10-20" minutes ^ ^“^^^'^®nous administration, the action lasts 

and^a^^aT pow^der, in 0 025 g tablets. 

shlfdk^r„TedT„^hetek’" 

adrenalmebv its^art?’ similar to adrenaline and nor- 

vasLonstricmr^frtT?T! ^ broncholytic effect The 

vasoconstrictor action is much weaker than that of adrenaline The 
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tOMcity of the preparation is low The preparation is used durmg- 
operations on the heait and ^essels and for treating bronchial asthma 
it IS administered by intravenous drip Possible side-effects aie 
palpitation, dry throat, and a slight elevation of the arteiial nres- 
sure 

The preparation is produced as a 0 05 per cent solution in 1-ml 
ampoules and a 1 per cent solution in iOO-ml vials The solution 
should be kept in the dark 


Anli-adreneigic Preparations 

Phentolaminc (regitine, dibasin) is an a-adrenoblocking agent It 
relie\es spasms of aiterioles and precapillaries and improves the- 
peripheral circulation of blood The preparation is used during opera- 
tions for pheochromocytoma and in conditions attended by hyper- 
adrenalinaemia Phentolamine is intended for intravenous administra- 
tion in fractional doses in order to prevent a sudden fall of the arte- 
rial pressure Contraindications marked cardiovascular failure^ 

Phentolamine is produced as a 0 5 per cent solution in l-ml am- 
poules The preparation should be kept m the dark- 

Diuretics and Dehydrating Agents 

Urea (carbamide, ureaphil) increases diuresis by increasing osmo- 
tic pressure in the tubules, and decreases intracranial pressure The 
preparation is used to prevent and treat brain oedema, especially at 
its early stages A 30 per cent solution in 10 per cent glucose is used 
for the purpose The effect is attained in 60-90 minutes and lasts for 
5-6 hours Contraindications hepatorenal failure, marked cardio- 
vascular failure, and suspected intracranial haemorrhage 

Urea is produced as a dry substance in 30, 45, 60, and 90-g vials 
To each vial of urea a diluent (10 per cent glucose solution in a vial) 
m attached 

Furosemide (lasix, furanthril) is a strong diuretic Its diuretic 
effect IS explained by the depressed reabsorption of the sodium and 
chloride ions in the renal tubules The preparation is especially 
efficacious for alkalosis and acidosis It is effective in a few minutes 
after administration and the action lasts for 1 5-3 hours The prepa- 
ration IS used for oedema of the lungs and brain and in other emergen- 
cy conditions Contraindications acute glomerulonephritis, liver 
Cirrhosis, hypokalaemia, and overdosage of digitalis preparations 
Potassium salts should be given to the patient during treatment 
With furosemide 

The preparation is produced as a 1 per cent solution in 2-ml ampou- 
les and as 0 04 g tablets 
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Manmte (manniLol, osmosal) in a hypertonic ‘solution ads as 
a strong diuiclic by increasing the osmotic prosstne of the plasma 
and hy decreasing water reahsorption Mannitol is also used to 
decrease intracranial pressure or oedema of the brain, and for acute 
hepatorenal failure The preparation is also used to present i=c))aemia 
of the kidneys during operations with cvtracorporeal blood circula- 
tion The preparation is injected mlravcnouslv in an isotonic =odium 
chloride solution Contraindications lenal cveretory dy'^funciion 
Mannitol is pioduced in500-ml viah The pieparation sliould be 
stoied at temperatures not above 20^ 

Spironolactone (aldactone, verospiron) is an antagonist to aldoste- 
rone, it prevents sodium reabsorption in the kidneys and decrea'^es 
excretion of potassium and urea TJie preparation is used during 
the post-operative period in patients with cardiac decompensation, 
in ascites and oedemas of other aetiology Among side-effects are 
adynamia, sleepiness, and skin eruptions Tlie preparation is con- 
traindicated for acute renal failure 

The preparation is produced as 0 025 g tablets. 

Preparations Acting on Blood Coagulation 

Heparin (pularin, vetren) is an anticoagulaling agent of direct 
action It has a direct effect on the native blood coagulating factors 
It also inhibits the formation of thrombin and pre\ ents agglutination 
of thrombocytes Heparin is used to prevent and treat thromboembol- 
ic complications, sepsis, and during resuscitation Coagulability of 
blood should be controlled during administration of heparin 
The preparation is available m 5-ml vials (1 ml contains 5000 units 
of the preparation) 

B-Aminocaproic acid (amicar) inhibits the fibrinolytic activity, 
decreases the activity of plasminogen and partly of plasmin, it has 
a haemostatic effect in haemorrhages connected with increased 
fibrinogen content The preparation is used to prevent and arrest 
haemorrhages in surgical operations and various pathological condi- 
tions associated with increased fibrinolytic activity of blood and 
tissues 

The preparation is available in 100-ml vials of sterile solution 
Fibrinogen is used for conditions connected with markedly decreased 
content of this blood enzyme (profuse bleeding, blood transfusions 
after operations on the heart, in haemophilia A) The preparation is 
administered by intravenous drip Contraindications phlebitis and 
thrombosis 

f\ ^ available in 250-ml and 500-ml bottles containing 

U y-1 and 1 8-2 g of fibrinogen, respectively 
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Hormones and Their Analogues 

Cortnone acetate (adreson, cortadien) is mainly used for acute or 
chionic functional insufficiency of the adrenal cortex in surgical 
patients in critical conditions after operations, hypoxia, injuries, 
fever, peritonitis, etc The preparation can be administered straight 
during operation Hydrocoitisone or piednisolone should howevei he 
preferred If the post-operative course is normal, the preparation 
should be given for 4-5 days, in case of complications, the course 
should he prolonged for 6-10 days 

Cortisone is produced in the foim of 0 025 g tablets and suspension 
in 10-ml vials (1 ml contains 0 025 g of the preparation) Cortisone 
should be stored in the dark 

Hydi ocoHisone acetate (abbocort, hydrison) is similar to cortisone 
bv its action but it is more active The preparation is used for acute 
cardiac failure, shock, blood loss, acute vascular collapse, burns, 
and in disorders of the blood coagulating system 

The preparation is available in 5-ml ampoules (125 mg) for intra- 
muscular injections 

Prednisolone (codelcortone, prenolone) is a dehydrated analogue to 
hydrocortisone and similar to it by its pharmacological properties 
The preparation has the same uses It is intended for intravenous or 
intramuscular administiation 

Tlie preparation is available in 0 005 g tablets and as a 3 per cent 
solution in 1-mI ampoules 

Dexamethasone (decardon, decacortin) is an analogue to other 
glucocorticoids but having a higher activity (about 7 times higher 
than prednisolone and 35 times higher than cortisone) It more 
pronounced anti-inflammatory and anti-allergic action The pre- 
paration is well tolerated by the patients, therapeutic doses have no 
effect on the electrolyte metabolism, nor does the preparation 
promote retention of sodium or water in the body Dexamethasone 
has the same uses as hydrocortisone The preparation is mainly ad- 
ministered by intravenous drip or in fractional doses 

Dexamethasone is produced as 0 5 mg tablets and in 1-ml ampou es 

(4 mg of the preparation) ^ ,, rc ^ 

Retabohl (deca-durabolm, hormoretard) has a favourable effect on 
file nitrogenous metabolism, retaining nitrogen in the body and 
decreasing excretion of urea by the kidneys It also causes retention 
of sulphur, potassium and phosphorus that are necessary for the 
synthesis of proteins The preparation also favours calcium deposition 
m the skeletal bones The course of therapy with anabolic steroids 
should not exceed 4 weeks for children Big doses of the preparation 
and their prolonged use can cause excessive calcification and growth 

retardation , , r c + 

The preparation is available m 1-ml ampoules of a 5 per cent 
7-01222 
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oil solution for intramuscular administration The preparation sliould 
be kept in the dark 

Insulin IS produced by the beta cells of tlie pancreatic insulae 
(Langerhans’ islets) It decreases blood sugai by intensifying glucose 
metabolism in tissues and conversion of gluco‘-e into glycogen In- 
sulin promotes penetration of glucose and the potassium ion into 
cells The preparation is used for premedicalion of asthenic patients 
before operations Insulin is also added to transfused solutions to 
replenish potassium deficit during operations (12-lG units per 100- 
150 ml of a 3 per cent potassium chloride) One unit of insulin should 
be added per each 3-4 g of glucose 
Contraindications gastroduodenal ulcer, nephritis, hepatitis 
Insulin IS available in 5-ml vials (1 ml contains 40 units) The 
preparation should be kept in a refrigerator Freezing is forbidden. 


Anabolic Non-steroid Preparations 

Potassium orotaie (dioron, oropur) is a potassium «:alt of orotic acid 
which IS a part of nucleic acids involved in the synthesis of proteins 
ihe preparation is considered as an anabolic substance It is used 
tor premedication of patients before operation and during the post- 
operative period It does not irritate the gastrointestinal mucosa 
ine preparation IS used for diseases of the liver, intoMcations, heart 
iailure, and for replenishment of potassium loss It potentiates the 
cardiotonic effect of cardiac glycosides and favours i epai a tion processes 

S /n preparation is prescribed in a daily dose 

of 10-20 mg per kg body weight (for 2-3 intakes) 

sto^agr^e^Sns^ produced as 0 5 g tablets There are no special 

Plasma Substitutes and Disintoxicatmg Solutions 

macrodex) is a partly hydro- 
molenilar wpi(iii+ sodium chloride solution Its 

Tt nenelrrp®va.nlf f The preparation does 

blood circulating systemTeSaSs m itiora'bnfLmr'u 
by raVriS! bke11ng‘orX4s‘‘if 

“f “r^rbo^dy 

rapidly, later adminiration is by™Ll“drit ‘‘ " 
anurM.'Zd'hear ”fai?TOe“’ '"Sl' intracranial pressure. 
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The preparation is available in 400-ml bottles Should be stored 
at a temperature of 10-20®G 

Rheopolyglucin is a 10 per cent colloidal solution of partly 
hydrolysed dextran containing isotonic sodium chloride solution. 
The preparation improves the rheological properties of blood, de- 
creases aggregation of the formed elements of blood, and promotes the 
passage of fluids from tissues to the blood vessels The preparation is 
used in pathological conditions associated with disturbed blood 
circulation in the periphelral vessels, for prophylaxis and treatment 
of shock, and in burns and peritonitis (for detoxicating purpo- 
ses) 

Contraindications* thrombocytopenia, renal dysfunction, heart 
failure 


The preparation is available in 400-ml bottles, should be stored at 
a temperature of 10-25°C 

Hemodes is a water-salt solution containing 6 per cent of low- 
molecular polyvinylpyrrolidone and the ions of sodium, calcium, 
magnesium, and chlorine It is used in conditions attended by pro- 
nounced intoxication of various aetiology (burn disease, infection, 
peritonitis) The preparation is administered in a dose of 5-10 ml 
per kg body weight If the preparation is administered rapidly, a mod- 
erate fall in the arterial pressure, tachycardia and allergic reactions 
are possible The preparation is not recommended for use in bron- 
chial asthma, acute nephritis and disordered cerebral circula- 


Placental albumin is a plasma substitute It is used in hypoalbumi- 
naemia, but its efficacy is more pronounced than that of plasma 
The preparation increases the oncotic and osmotic pressure to in- 
tensify the passao^e of the interstitial fluid into the blood vessels ihe 
preparation is used in burns, shock, nephrotic syndromes, chronic 
purulent processes, and in brain oedema The preparation is in- 
tended for intravenous drip administration 
Placental albumin is available as a 5, 10 and 20 per cent solution 
in 50, 100, 200 and 400-ml bottles , i f 

Lactasol (Ringer’s lactate) is the Ringer solution m winch part or 
sodium chloride is substituted for sodium lactate The preparation 
IS used to decrease the volume of extracellular fluid, especially in 
pathological loss of liquid from the middle and lower portions of the 
gastrointestinal tract, for correction of metabolic acidosis, and 
also as a blood diluent The preparation is administered by intrave- 

m an'efficaciLs plasma substitute useful for dilution 
of blood during operations on the heart with extracorporeal blood 
circulation It has no antigenic properties The preparation is effective 
^ acute blood loss, shock and in severe intoxication and infection 
Protein can be found in the urine in 1-2 days after administration, 
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because it is excreted by the kidneys in the unalteied form. Contra- 
indications acute and chronic nephritis 
The preparation is available in 250, 300 and 500-ml bottles 
Storage temperature, not above 6°G 


Preparations for Parenteral Nutrition 

Caserne hydrolysate is the product of acid hydrolysis of caserne 
It contains ammo acids and simple peptides, and 0 7-0 9 per cent 
total nitrogen The preparation is intended for parenteral nutrition 
of patients before and after operations for replenishment of protein 
loss 

Caserne hydrolysate is available in 250 and 500-ral bottles 

Aminosol is caserne hydrolysate The protein concentration in 
solution IS 10 per cent The preparation is widely used for parenteral 
nutrition of patients of any age 

Aminosol is available in .50, 100 and 400-ml bottles The prepa- 
ration should be stored at 20°C 

Vamine is a solution of crystalline amino acids (7 per cent), it 
contains acids, fructose (10 per cent), sodium (50 mmole/1), 

potassium (20 mmole/1), and small quantities of calcium, magnesium 
and chlorine Tim caloric value is 650 kcal/1 The osmotic concentra- 
tion IS 1275 mOsm/1 

Freamme is similar to vamine by its properties It is a 8 5 per 
cent solution of crystalline ammo acids It also contains 18 3 mmole 
/I sodium and 30 mmole/1 potassium The caloric value is 340 kcal/1 
ucose IS used for detoxication therapy and as a carbohydrate 
component of parenteral nutrition m 5-40 per cent solutions The 
caloric value of a 10 per cent solution is 410 kcal/1 When used 
glucose^^^^^^”^’ contains 1 unit of insulin per 4-5 g of 

component of parenteral nutrition, 

a loTer ^ glucose The caloric value of 

a lU per cent solution is 380 kcal/1 

emulsion of soya bean oil m water, 
icSlv ^acti VP emulsifying agent Tlieosmot- 

emulsinn ^^lile of a 10 per cent 

280 mOsm/] 9 osmolarity of a 10 per cent emu^lsion is 

a ^ emulsion, 300 mOsm/1 

m 500-ml' bottles ' ^ ^ emulsions 

tic^mo^ertieq'^ Tbp°'^ emulsion similar to intralipid by its organolep- 
centTorcentratTn^? substance is soya bean oil (10-20 per 

The osmotic aerpnt act as an emulsifying agent 
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Lipofundin is available as a 10 and 20 per cent emulsion in 100- 
500-ml bottles The preparation should be kept at a temperature 
from 2 to 8°G 


Preparations and Solutions Used foi Coriection 
of Acid-base Balance 

Sodium hydrocarbonate (aqueous solutions with alkaline reaction) 
The bicarbonate solutions m the concentration of 3, 4, 5 and 7 per 
cent are used to correct metabolic acidosis in various pathological 
conditions (shock, intoxication, infection, hypoxia, cardiopulmonary 
resuscitation, profuse bleeding, and massive blood transfusions) 
From 10 to 20 ml of a 4 per cent solution of sodium bicarbonate are 
added to each ampoule of transfused blood (3-4 day-old blood) 
Sodium bicarbonate solutions are available in 20 and 50-ml 
ampoules (3 and 5 per cent solutions) 

Potassium chloride is mainly used for prophylaxis and treatment 
of hypokalaemia It is administered by intravenous drip The dose 
depends on the potassium content of the plasma and erythrocytes 
The solution is infused together with a 5 or 20 per cent glucose solu- 
tion and insulin for correction of intracellular potassium deficit 
fnsulin increases permeability of the cell membrane to promote the 
passage of potassium into the cell Rapid administration of potasmum 
chloride can upset heart action to a complete cardiac arrest Con- 
traindications severe excretory dysfunction of tlm kidneys 
Potassium chloride is produced as powder The preparation 
should be kept in air-tiglit containers 
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Thm t lac^-ilu alum intludc' .ill t%p!. of eii < *’e !' ' 
proparalioim, molliod*' aid thnr tomion Iott 


\N \I STIir^I \ ( OMI’OM 

hi order lo pic\enl operation 'Ire- , ..t o th-dic tompo* 

nent‘>arcnccc':‘'an Dependinijon the imtiaKomhlion of the p tt’cnl 
and the tharnclor of operation, '-eparUe or all tompdrent'- i ej. 
he required 

I Inlnbilion of ps>ihir pen option oi rendorino patient nnron5* 
cioiis The emotional reaction^- of a child htfoic an operation are 
depressed by premeditation or ha'-i't nan o'-!- Dunntr operation the 
patient is made iimoimtioiis bj .nn inhalation or non-nihalation 
anaesUiclic or l)^ their lombinalion I)epri''-‘'ion or inhibition of the 
child’s consciousness for the tiiiio of the opeiation or a painful mani- 
pulation is obhgatoij' 

II Central or peripheral analgesia. Central nnnlgcsin is attained 
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nervous formations 

gesic effect anaesthetics have good anal- 

and JiaSoim A efficacious of them are ether, penthrane, trilen, 
narcotmf i, If ^"^^gesia can he attained hy administration of 
analgesS phentanyl Peripheral 

Pul4s hv^ f f of perception or conduction of pain im- 

KnLrJi ^ } anaesthetics administered hy any suitable route 

mfilfraHnn ‘^"J^/Sesia in general anaesthesia is attained hy additional 
thp ^ ^ anaesthetics in the receptor fields or by blocking 

tes“S“ ffoT'"’ -bstanua% thl ge„e“a! 

hiniiL Neurovegetative blockade The neurovegetative system is 
morp'rni foo certain degree by anaesthetics and analgesics But a 
^ ? blockade is ensured by ganglioblocking agents, neurople- 

^od peripheral cliolmo- and adrenolytics, which are 
before and during anaesthesia, and also by regional 
^jO^sia The preparations lessen excessive vegetative and hor- 
intp^^ ^^^ctions of a patient to stress factors arising during surgical 
rX'^ootions, especially in prolonged and vast operations 
sar relaxation. Moderate relaxation of muscles is neces- 

im ^ practically all operations This component becomes especially 
^ Portant in operations with artificial lung ventilation Relaxation 
^ attained with general anaesthetics whose efficiency how- 
ba h Ketamine is markedly less effective than halothane or 

roiturates Muscles in the operation zone can be relaxed by almost 
sh local anaesthesia (except infiltration) The muscles 

an^l ^ be relaxed significantly during operations on the abdominal 
thoracic organs Muscle relaxants, blocking impulses in the 
®w®^^scular synapses, are most suitable for this purpose 

Maintaining adequate gas exchange Gas exchange during 
peration and anaesthesia depends on the character of the main 
isease, surgical injury, depth of anaesthesia, accumulation of spu- 
^be respiratory duct of the child, high carbon dioxide content 
tpe patient-apparatus system, the position of the patient on the 
VP table, and some other causes Effective pulmonary 

^^tilation can lie ensured by observing the following requirements 
choice of anaesthesia technique (mask and endotracheal 
tubation), i e spontaneous or controlled respiration of the child 
uring operation, 2 — patency of the child’s airways, this is attained 
y a correct position of the patient’s head and the mandible during 
^^^^-besia, using airways, periodic aspiration of mucus from the 
asal Cavity, the mouth and the trachea, ^—correctly selected gas 
®^'f°’'^^cheal tubes, connectors, the entire breathing circuit, 
tb 1 flow-rate All this is necessary to prevent the increase in 

6 dead space and to preclude hypercapnia or other possible com- 

Pbcations 
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These requirements iiold no( only for inhalnlion anne'-tlK'*'!.'! hut 
also for all other type*' of anacslliesin 

VI Maintaining adequate lilood circulation. Children arc sen*:!- 
tive to loss of blood (hypo\olnemic (ondition^:) hccau'^e the eonipcn'^a- 
tory capacity of the heart’s pumping function fv.ith respect to the 
capacity of the ves<^els, as compared to adults) is Iom ^in!ntnlnl^g 
adequate blood ciiculalion therefore require^ regulation of thc'".ater- 
salt metabolism and correction of anaemia liefore operation An> 
loss of blood should bo replenished conipleteh and in due time 
during the operation and m the po^t-operatne period Tin- amount of 
blood that may be lo'^l b\ a child duiing operation approMmatcU 
known Most anaeslhesiologi‘-(‘' ime a gra\imetric inethof! for deter- 
mining the blood loss during operation 1)\ ^'.eIgltlng the operation 
materials and bearing in mind that about ao-aS per < ont of it*- weiglit 
IS blood The method is \er\ simple but oiiK (enlalne It is quite 
natural that adequate anaesthesia m \er\ imjiorlanl for lilood circu- 
lation There are pliarmacological preparations that can prevent and 
treat vascular spasms, arteiial hypertension hvpotension and 
control the tone of tlie heart muscle 

VII Maintaining metabolic processes This includes adequate 
energy supply during opeiation and anacsi]ie-ia, regulation of the 
water-salt, protein and carboiiydrate mctaliolism, and the acid-base 
balance, hormone-substitution tlierapv, regulation of diuresis and 
the body temperature All these problems are discuscod in detail in 
the appropriate sections of the book 


ONE-CO^IPO^XNT ANAESTIICSI i 

One anaesthetic is used to depress consciousness and to ensure 
^ 1 muscle relaxation One-component anaeslhosia (both 

non-inlialation) is used in minor operations painful 
or wound dressing Xitrous oxide flaugb- 
sombrevin, and trilen are coramonlv 
The^m advantage of this method is its simplicitv 

concentration of the anaesthetic 
Stanes^nf ^ ‘=ide-effects on the bodily organs and sv’steras 

aShelm Thp^?'' illustrated bj using one-component 

S bv r.PdpT anaesthesia he scheme pro- 

ponular And (modified slightly by Zhorov in 1959) is 

Led with^dfildipn this type of anaesthesia is not practically 
tvnes of floppcfu’ useful to describe its stages because other 
motel usually compared with the ether 

suSLtL?rLnTln ' distinguished analgesia (I), excitation (II), 

III and Ilf and tn in turn is subdivided into states IIIj, 
1112 ana iiig, and the stage of recovery (IV) 
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f analgesic effect increases gradually during the course 

sitrn, , >”>'='>"‘■00 of the anaesthetfo The tactaleTn- 
ly fadJsTS°,T1 consciousness gradual- 

mucosa del n / u’' ^ “f tho and 

substantra^ rT. ^ change, the reflexes remain unchanged, and no 
suenfirltu occur in respiration and blood circulation The 

trafinn I ^do^s^vhich intensifies with increasing ether concen- 
itincr provokes cough, suffocation, laryngospasm, and vom- 

IS first anaesthesia stage, especially if premedication 

e O' n or not sufficiently efficacious Minor surgical operations, 
abscess, can he conducted during the first anaes- 
diir/rfo- ^ difficult to stabilize ether anaesthesia 
satiTi. + j ® 1 ^ stage because as the patient’s body becomes 

If ether, the first stage rapidly passes into the second 

anaesthetic concentration decreases, the child recovers its 
senses completely 

he second anaesthesia stage begins when the patient is asleep 
d The excitation stage during ether anaesthesia is quite 

patient develops motor anxiety and groans, the 
inarticulate The face reddens, the child tries to remove the 
pupils are dilated, salivation and lacrimation intensify 
arteiial pressure rises, the pulse rate accelerates, the respiiation 
comes irregular apnoea alternates with tachypnoea The reflexes 
This stage is often characterized by vomiting with trismus 
the masticatory muscles 

h the past times, when one-component anaesthesia with ether 
eth^ used everywhere, the anaesthesiologist had to increase 

, concentration with the first signs of excitation and to assist 
Qg ventilation to accelerate saturation of the body with ether 
e excitation stage was thus shortened and the clinical manifesta- 
ons were lessened In at least 20 per cent of cases, the excitation 
^ accompanied by vomiting The mouth of the patient should 
^ fie cleaned from the vomit, the gas mask should be changed, 
d anaesthetizing should be accelerated as described above This 
^ked excitation is the mam disadvantage of ether anaesthesia 
den III Three substages of the surgical stage are distinguished 
pending on the depth of anaesthesia The surgical stage follow^s 
de^ ®^ditation stage and can be stabilized during both shallow^ and 
^cep anaesthesia Most operative interventions are conducted during 
third stage 

erat a ^ubstage (IIIj) is characterized by even and slightly accel- 
n ^ted respiration, the pulse and the arterial pressure gradually 
P ^^^tize The eye-balls are fixed eccentrically or move slowly, the 
refl ^ ® narrow and respond to light, though wuth a delay The 
tion^ (except the corneal and pharyngeal) are depressed Relaxa- 
is only sufficient to immobilize the patient 
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The second substage (III 2 ) begins with disappearance of the corneal, 
pharyngeal and laryngeal reflexes The eye-halls are fixed centrally, 
they are moist, the pupils are narrow and respond to light only 
slightly Pulse and arterial pressure are normalized, breathing be- 
comes regular and deep The muscular tone decreases sufficiently to 
allow operations m the abdominal cavity, except those associated 
with vast laparotomy 


The third substage (III3) is characterized by pronounced relaxation 
(relaxation of the respiratory muscles included) The respiratory 
function is maintained mostly by the movement of the diaphragm. 
This interferes with the surgeon’s manipulations in the upper portion 
of the abdominal cavity Respiration may become paradoxical the 
lower portion of the chest is retracted during inspiration The eyeballs 
remain central, the cornea dries up, the pupils contract to a pin- 
head size and do not respond to light, amsocoria is possible, the 
eye-slits are slightly open The pulse accelerates, the arterial pres- 
sure increases slightly, the respiration is deep but slow Further 
narcotization (it is more difficult to stabilize stage III, than stage 
III 2 ) IS fraught with the danger of overdosage and inhibition of the 
vital bodily functions The pulse becomes thready and fast, the 
arterial pressure falls, cyanosis and hypercapnia develop The eye- 
balls are soft, the pupils are dilated and do not respond to light, they 
have ir^gular shape This stage is inadmissible 
Stage IV. Supply of ether should be discontinued some 10-15 min- 
utes before the end of the operation The ether concentration thus 
begins decreasmg gradually The main portion of ether is eliminated 
y e ungs The patient wakes in 15-20 minutes and his condition 
IS reversed, except that the recovery is quiet The patient is consid- 
from his narcotic sleep only after his consciousness 
cien y regained The recovery may be slow if there were some 
operation hypoxia, incompletely replenished 

analiiA ’ptfr^ o^^rdosage of anaesthetics or 

the fttpmbfrr requires special attention on the part of 

•rbillc: -iTn t because complications may occur such as 

ments retraction, loss of coordination of move- 

or imurp ^ bandage, fall down from his cot, 

Tin ^ ^e'luires intensive 

The a W complete recovery from anaesthesia 

induced characteristic for anaesthesia 

a narcotized Although the encephalographic picture of 

ICS the ^ withall auaesthet- 

iation staie 1 . is sigmficantly For example, the exci- 

tf auafn tL barbiturates, or it is impossible 

anaesthesia °'^^de The stages of ether 

type “'5- landmarks for the study of any other 
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picture of iion-iiihalation one-component {ketamine) 
lacwiesw IS gnen 1)dIo\\ bv ^\a> of illustiation 

allv S ^ the injection The child gradu- 

fthoimh He is conscious and correctly 

Tm 1 ' difficulty) answer-^ questions, articulation is disordered 

‘-rr analgesia is not characteristic of this 

tago iiio oyc-halls mo\e, and spontaneous vertical or horizontal 
mstagnius occurs poiiodicallv The pupils are dilated moderately 
' d respond promptly to light The skin coloui does not change 
respiration is spontaneous, undisturbed Heart rate and arterial 
pressuie do not piacticalh change The stage lasts for 2-3 minutes 
‘no ends vith the loss of consciousness ECG shows reconstruction 
f ti n*ccloctncaI actlMt^ groups of lov -frequency waves (mostly 
f the 0 range) appear periodicallj duiiiig stimulation of the high- 
jrequcncv ECG component and a-ihvthm The ECG can in general 
oe characteiizod b\ mixed ihytlims 
Stage II begins vith the loss of consciousness The patient sleeps 
^nd does not respond to questions The leaction to pain is very slow 
the eye-balls continue moving spontaneously, the pupils are mode- 
rately dilated and react quicUy to light, the eye reflexes are pre- 
5er\ cd The ski n dues up and its colom does not change The heart rate 
increases b^ 15-20 pei cent and the arterial pressure by 10-15 per cent 
the initial Spontaneous lespiration is regulai and quiet The 
■Stage lasts foi 4-5 minutes and ends vlien the patient does not respond 
to pain stimuli (incision of the skin) ECG is characterized by 
increased amplitude and regular 0 waves The alpha-rhythm is 
preserved vhile its amplitude slightly diminishes The waves of the 
o-^jthm arc irregular and vitb a small amplitude 
Stage III (surgical stage) begins in 8-10 minutes after the intra- 
muscular injection of the preparation and is characterized by the 
following the e> e-balls are fixed centrally, nystagmus is absent, the 
pupils are contracted to medium size (do not contract to the point 
|ize), they react quicklj’^ to light, lacrimation is moderate, and the 
aryngeal and pharyngeal reflexes are preserved The skin remains 
■ory and warm, the eye conjunctiva is moist and lustrous with a pro- 
uounced injection of the sclera, muscular relaxation is good, sponta- 
ueous respiration is normal or it only slows down and becomes 
peeper, the arterial pressure increased by about 25-30 per cent, and 
the heart rhythm by 30-35 per cent By its clinical signs this stage 
ut anaesthesia corresponds to substages IIIj and Illg, but the transi- 
tion from substage IIIi to substage Ills is indistinct Substage Illg 
is not attained with one-component (ketamine) anaesthesia The 
surgical stage lasts for 25-30 minutes Low-frequency 6- and 0 waves 
prevail on the ECG during this stage The alpha-rhythm appears as 
single waves with very low amplitude (Fig 23) 

Stage IV (recovery) vanes in length from 1 to 4 hours, depending 
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on the time when tlio last dose was ad?nini‘'lorP(I, the total duration 
of anaesthesia, premedicalion, and aKo ‘'periJic properties of .i par- 
ticular patient During the oailv po‘?t-opera!ive period (3-4 hour^) 
the operated childien require analge‘?ia 'I'lie < linu ai picture of stage I 
and II symptoms is revci«ed lixcilation, delirium or hallucinations 
do not occur in childien under 10 The is chnracfcri/ed by 

a prolonged depression of the hioelefiiual arti\it\ (for 3-'i hours) 
6- and then O-wmves gradually di‘-appear, the amplitude of the fast 
rhythm increases, le hioelcotrii al activits heroines non-*-} nchro- 
nous The height of the a-waves depends direrth on the ago of 
the child 


Inhalation Anaesthesia 


Inhalation anaesthesia is most commonh u‘:ed with children The 
anaesthetic is administcied as a gaseous mixture into the airwajs of 
the child, wdiero the anaesthetic diffuses from the aKcoli into tlie 
blood and saturates the liodx tissues It follows therefore that the 
desired depth of anaesthesia is attained quicker if the concentration 
0 the anaesthetic in the hicatliing gas and the minute re'^piiatory 
VO ume are high Solululily of an anaesthetic in the blood and fats 
IS also important Tlie highei the solubilit\ , the weakei the anaesthet- 
ic e ect -The main adxantagcs of the inhalation anaesthesia are its 
easy control and maintenance of the desired anac-lhclic concentia- 
tion in the biood A relative disadxantage is tlie necc'=sil\ of using 
special appaiatus 


Inhalation anaesthesia can be adininistored thiougli a vimple mask 
al mTthod™^^ ' ^ anaesthetic machine, or bj an endotrache- 


Non-inhalation Anaesthesia 

1)J any possible route 

TOnous “mmo" melhod is by intra- 

venous injections (barbiturates, sombrevin, sodium owbate Kela- 

SSamStT“, can also^f °^ected 
mSSSculS IS especially frequently administered 

amuscuiarly Other routes of administration (nei os ner rectum 

adSnSSln'eVafa””;, “/?he non-miSaUon 

Se reomre (no special apparatus 

tionof nonvekent foi indtic- 

t “of an aSst . lasting from themoment of adm.n.stra- 

The disadv?ntaio It M stage is attained) 

aMesthesm r, P“" “"1™' Non-inhalation 

combined with other\y“es oLTesftos.a'’’’^"' 
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COMBINED ANAESTHESIA 

Combined anaesthesia means consecutive or simultaneous admi- 
nistration of various anaesthetics and also their combination with 
other preparations, such as analgesics, tranquilizers or relaxants, 
which are active components of anaesthesia themselves or potentiatn 
the action of some other anaesthetic components Various anaesthet- 
ics are used in combination with one another in order to attain tho 
maximum efiect of a particular preparation, to strengthen the effi- 
ciency of some other preparations, and thus attain the desired effects 
with minimum possible doses A typical example is the combination 
of nitrous oxide with liquid inhalation anaesthetics Nitrous oxide- 
strengthens the weak analgesic effect of halothane When combined 
With ether, nitrous oxide ensures a more quiet induction Inhalation 
anaesthetics can thus be used together with non-inhalation prepara- 
tions, nou-inhalation anaesthetics can be combined with neurolept- 
analgesics, etc. , , 

The discovery of muscle relaxants and their use in anaesthesiology 
have changed the approach to combined anaesthesia Relaxation of 
muscles that was formerly possible only with anaesthetics in high 
(toxic) concentrations can now be attained with muscle relaxants 
Adequate anaesthesia can now be attained with relatively sina 1 
doses of preparations whose general toxicity is low For example, the 
patient can be rendered unconscious using sombrevin, his muscies- 
can be relaxed by special muscle relaxants Analgesia can be attained 
l^y administering phentanyl, while anaesthesia can be maintained 
with small doses of fluothane Adequate gas exchange can be main- 
tained by artificial lung ventilation 


Combined Anaesthesia with Muscle Relaxants 

Indications for combined anaesthesia with muscle relaxants caui 
00 absolute or relative 
■Absolute indications are as follows 

1 Operative surgery on the thoracic organs -nn-irilptfi 

2 Operative surgery on the abdominal organs requrg p 

relaxation of the muscles of the anterior operations 

3 Operations on the upper airways and neurosurg p 

f pIXnSTeraUons on a parent ,ncon- 

^ement positions interfering with normal ung , . ^ some 

2 Operations on the face, neck, ear, nose, throat, and some 

*^Phthalmological operations , 

The conditions for anaesthesia with “ children require® 

1 Using muscle relaxants during oPf ^^lons on children require. 

artificial lung ventilation with intubation of the trach 



112 


Part Two Paediatric Anaesthesia 


2 Muscle relaxants should be administered only to a sleeping 
•child, irrespective of his age 

It should he remembered that combined anaesthesia with muscle 
relaxants offers many advantages to the patient, the surgeon and 
the anaesthesiologist, but it can cause many severe complications 
Unreasoned use of combined anaesthesia with muscle relaxants ac- 
•counts for the increasing number of severe post-anaesthetic complica- 
tions and disagrees with the pimciple anaesthesia should not be more 
injurious than surgery 


CONCURRENT ANAESTHESIA 

With this type of anaesthesia the child is rendered unconscious 
for operation by a general anaesthetic, while a local anaesthetic is 
used to relax muscles in the operating site, to attain peripheral 
analgesia, and to block vegetative nerves Local anaesthesia alone 
IS very seldom used with children, but it is very popular when used 
in concurrent anaesthesia The techniques of local anaesthesia are 
now well developed For example, epidural anaesthesia and high 
regional anaesthesia of the extremities have been significantly 
improved along with improvement of some preparations, e g trime- 
•caine, lidocaine, which are now used for epidural anaesthesia instead 
01 procaine and dicaine Inhalation general anaesthetics should be 
preferred Their effect is controlled more easil^*^ and they are effec- 
tive in stabilization of the second and third (IIIi) anaesthesia stages 
lie concurrent anaesthesia method can be described schemati- 
-caily as follows the child is premedicated in the ward, while anaesthe- 
ma is induced in the operating room with nitrous oxide and oxygen 
blockade of the operating site is then attained (on a sleeping child), 
using a suitable local anaesthesia method After the operation is 
over the administration of the anaesthesia is discontinued and the 
■chi d recovers senses in a few minutes, but the state of hypoesthe- 
operating site) persists for a certain length of time The 
Condition of a child undergoes smaller changes after con- 
•current anaesthesia than with other types of anaesthesia 


Chapter 7 

Preparii^ a Child for Operation and Anaesthesia. 
General Principles of Anaesthesia 


a child fnr nn ^S^st should be involved actively in preparing 

dures ran ha di anaesthesia The preparatory proce- 

ical and nhar 10 and pre-anaesthesia, psycholog- 

ical and pharmacological premedication 
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iitnurrnir I’urtninTM! nt 

* . a.mi t * , I >hriuKl hr oxinniiitul 1)\ the 

'.v‘ - 1 , • «• h£’,i ‘ s’^ >-}H»»ihS 1" ^I'nhrri, ihp l.ihor/ilor^ 

t.'s -jh A> * ^4 ‘f'uluit. 4Mi<! the liuit honnl ‘'talc of 

th*" ;id ''• % M' « tt. , '• ,? iip', . ililitioii.i! (*\aimna- 

t* ,ft -• .* r ir?' ‘4* ’’f f*! '‘“'h *■ •* u' ') hi planncii. The nnaes- 

t ’ , «rr.,; .1*,^! »,* r 1 «'u? !‘i»<-h,h!'J ‘. ?!a% it' fore the ojiointion 

'VI «*'(♦ jt'jM * , < ' ^!(44 ‘h'ltilcl he rei orflcd iiilo 

> « tv 5 ; * "Tf V t t , ,1 ' S , ,} >“* 

I’ t I ’;e 444' N*'']- I*- i" importaJit for the nnacb- 

?'(!■'!< lu ’*»* Ui *’ < 'f * ??’ I '*' < It »' e^-nrs to find nut if there 
* i^irv' ’t’l lor. if i.o fop ep'- or \at'uuni evtractor 

t, t* ' ''s t , ‘ '■ ; ! f * ' U' 5’ ^rturstuin ii tne infant liad blood 
trttvf, o* s' It jtM3* ‘tlen I’u .•‘■urc'- uere t.iKen I)i‘-ca<'CS 

td t’ f j'’‘* h* 'nfi <i' ''t' chsh. • 'uMild 1"' t I'lhl iv-liei! (hcpatiti*' on- 
'if* « , *1 ‘pie i't • , ^ i ' t' neri ir\ to t'^t^!l»iI‘’h if the 

nT-it." ' ’ 4-j.hi*h In rttftt re-pir •tnr'i Mrd infection'- {the lime 

?h. I. f tt-h ri'<*loo‘i. if ti" " ‘ ireiten vith < orlieo'-tcroid 
h*<f, iT>t f , 11 *.? * I! 1 * ji'r’n il ir rntihiotio uere ii'-Pfi in llio pa*it 
if^iM I •*( i j "snn> vj* iv il<-o iinportnnt I'lit' aiiac'-the- 

'■ ohv*iM h.o'ld ?,f< **ul tf th*’ snt'UtT rei-itiNC'- luiM' .am ‘-pcci.il 
If toie - ,1 ji'i n T ’lion'- <• I' oinlin'x 1 11 , aiialpiii, pi ot. aiiio, 

, ftria* • tia . N;hi i*'-* iiifn rii thi' p.irln ui.ir inlolcrnnoc ponol- 
ndb. 1? ,»• J.r-e i-. t«. I*!* 5 out if the iliild li.i'- mn p‘:\cliic or 

of cr djtorder t|j 5 o.*\ !»t* rnportant for the anac‘'lhe«ioloeisf 

-if'ot,.;*' .c/r,** f ' f;}?.*' I h*' nTeeini'nl helween the l)od\ woiglil, 
.j'jo van, tli't fa-M [louiotor <{o% oloiunont , oh\iou‘i dofocti in 
tl*t !>}t * 'fo .uui bei'e*:, niid heh.n loiira! Iraitti pi'e a genor<il ini- 
prc'-Hon of ihf child and the< haracler of po'-bihle patholog,\ 

Xf’s , 1 !^ ' 7 >V/;j With the development of ie‘;u*-'citation tocluiique 
a'nl f.^rthfr in obt-tetm*-. the number of vmvual*^ in criti- 

cal oh«tttr!c<, t'-C'- 3 'f roii’^tanth iiirrea'-ing llcnrc, the number of 
infant*- v ith •"etniel m of Hbour injurio*, ind dihen^-es of the nervous 
t ticli O'- encepb ibip it liv . opilejisv, hvdroceplialus, paresis o 
peripheral nerve Iniiih*'. eU , increa'-e*' too d his should be romem- 
brred when ‘•electing mean'- for premedicntion and nnacstliesia, bc- 
CiUi*.r> Infant*- are more ■‘•ensitive to h\po\ia and llio neuror^u atory 
compcus.'iiorv capacitv of a rlnld i*^ low If a child has hod ^ Pf" 
r.iK4.ii. ni bi*^ pa'-t bi'-lorv, the ‘•nbclaMan \oin of the involved side 
‘•hould not bo ratboterired to pi event po'-siblo iiijurv of the bracliiai 
plexm , 

It iKo iicco‘'^nrx to the condition of the pupils, vision 

tho honnne function, pn^‘;ible prebonco of dyspliagin that can he 
the re';ulf of affection of the nervous s>slem Such children are 
difficult to rommunicate with 
8--D12J2 
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Respiiatory system The condilion of llio of .1 rliild 

ah\ays important foi the aiiae':lht‘sioloKj<-l ihe folloninn f.-rtoi- 
should be as‘-cs=ed 

1 The piesence of acufe re^vpiintori iiifedion Jin'- iii.t', r.ni'-c 
post-intuhation stenosis of tlm l.irxu' 01 jio‘-t-operali% e jmciuno* 
nia Hyperaemia of tlie fauces .ilom* (.innot he .1 icliahh* ‘-n'li of in- 
fection because Inperaemia mn\ de\elop iii a child aftei \ornitin£^ 
and e\en ciying (in neonates) Cle\alod temporatuic, rhinitis, and 
enlargement of the Kmph nodes me more ri liable sj^ps 'I !io opera- 
tion should he postponed in the pro^rnre of inflammation of the 
upper air\sajs If ,ui uigent surgical opeiatnm is nercssari, pro- 
phylactic measures are necessaix .mtihiotirs, mhal.itioii of medi- 
cinal solutions, cleaning of the nasal ra\il\ endolr<H'heal tubes of 
smaller diameter 


2 Patencj of the upper airwajs Children often ha%c adenoids, 
atretic choanae, distorted nasal septum, or the Pierre Rohm sjn- 
drome, which impair patency of the upper anva\s to inlcrferc 
"With normal respiration and conduction of aimesthesia 7 his 1 ? espe- 
cially important for neonates and infants who (nnnot breathe with 
the nose A correctR chosen induction anaesthesia using an airva\ 
and a mask for induction of anaesthesia and thorough care of the 
patient until he completeh ieco\ers from anaesthesia can minimize 
the pathological effect of the disease 
^ Pi6^pirator\ insufficiency Atelecta=es or defects of tlie lungs 
mat often de\elop in pneumonia should be timoh repealed bj the 
anaesthesiologist Tliese defects con be suspected during percussion 
and auscultation of the lungs, and al^o b^ the pio^once of tach>pnoea 
es \-ray makes these defects olnious If respirator\ insufficiency 

disease foi winch the operation is to 
rioto ^^^^^^^^G'lologist should establish its degree by 

gases, minute volume (by spirographic and 
the metlmds of evamination) and take measures to lessen 

mprhrnl o 1^6 attained bv sanation of the bronchi, 

exercises, inhalation of bronchoKtics by placing the pa- 

vibra tinn^rnn facilitating drainage, by oxygen therapy, and 

piratory disea'sra of the 1006 ^ 

agreement between the age of the 
Pennheral arterial pressure should be determined 

and ^murnlp K ^ assessed by the colour of the skin 

(no^nSllv 0 5 0 7°n and rectal temperatures 

be rnkin c.nfj I pathology, EGG should 

of blood measured, the gas composition 

the chest -x rav Ta ’ cardiotboracic index calculated on 

s used to vmfv ^p (fegether with the clinical data) 

IS used to verify the aetiology and degree of the heart failure 


I 
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mdZttTrF examinations to he 

chaSra wS, echocardiography, prohing of the heart 

examination of the heart and measurement 
ICS hi the study of the central haemodynam- 

nrnvJdo thermodilution and stain dilution methods These methods 
provide comprehensive information on the condition of the cardio- 
ascular system for a correct selection of the anaesthetic method 

oTiiof at preparing the patient for anaesthesia and 

operation, and also for lessening the heart failure, include selection 
aigoxin dose and administration of potassium preparations, ATP 
na cocarboxylase Adrenal cortex hormones and B-antiadrenergic 
^re prescribed for indications 

Abdominal organs and urinary system Vomiting and regurgita- 
lon during anaesthesia are complications that can cause aspiration 
the gastric contents into the airways with subsequent severe com- 
P ications The empty stomach before anaesthesia is therefore a pre- 
equisite The last meal should he given to the child in the evening, 
n the eve of the operation If the operation is to be performed in the 
iternoon, the child may be given to drink a half-cup sweet tea three 
fioms before the operation 

Children are likely to hide sweets and fruits under the pillow, and 
oey readily eat them if no breakfast is given Besides, food can be 
child by the ward mates An infant may cry from hunger 
^^7 mother, although being specially instructed, sometimes 
gives food to her child without being aware of the possible severe com- 
P ications A case was reported the mother fed her 3-year-old child 
311 orange an hour before the operation The child died during in- 
uction of anaesthesia Postmortem section revealed the obstruction 

0 the trachea with an orange section 

if an urgent operation is to be performed, the stomach of the 
patient should be emptied through a gastric tube This should be 
one even if the patient ate for the last time several hours ago, be- 
cause the evacuatory function of the stomach is strongly upset in 
ome acute surgical diseases of the abdominal organs, much con- 
gested fluid may be accumulated in the stomach in the presence of 
^ntestinal obstruction or peritonitis Disregarding this requirement 
vill sooner or later cause complications It is also necessary for the 
ame reasons to check if the patient has no loose teeth or orthodontic 
P ates At present researchers work at prophylactic administration 

1 anacid preparations into the stomach before anaesthesia in order 
0 lessen the harmful effects of possible aspiration of the gastric 
ontents This is especially important in cases where it is impos- 
iPle to empty the stomach through the tube An evacuant enema is 
sually given to the patient before operation 

^iver and kidneys The rate of metabolism and excretion of non- 
analation anaesthetics and relaxants directly depend on the lie- 
8 * 
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patic and ronal funthon Moiconm, uilie!. ttosi .*fSfic ih'Mir roji- 
laininp the halogens pHxhur* .1 to"' n effec i tie Lmi‘ hi'SM- 

ing (lining opei.Uion inaN be th" n miU of df^j, ,5 eom* nt tA IL 
V, and VII coagnlalion fat lor in llie pre nr<> of hfj.aiir jn su..- 
cionrv The fnnrl lonal I'ondilion of the h\ ( r ’'fid t >i» | 101x1, » 


fore vor\ unporlanl foi the rotift'f *eh, * 1,01 t.f .n < tie s,< fh - 
palic failure n‘^uail^ a‘-‘-o( lalfd v.ith tie p'Me-h.gt. of tie hth 
duels, poital lupeilen^ion, drfeetv. f,f tht } ugi tnl* tun, .-fjd *1 
opciations m the [irc^-enre of vpptn (onuition 

Renal insufficient \ rirrtMup.uiif p* 1 loip'jthriti , /Itur* rstu^* 
nephnlis and can de\elop in patholuen oi in. unn .r. s te-u It 
IS oas\ to ''U^ppct lhe=o di'^oider- dmui" th* ‘^luds of,.n mtico'- ed 
clinical ''ign^' Die degree of di'-orih r tan !)■ (Ht<riniiitd hv nitli- 
tional hiochoniu al lo'-ls vilh delt tniui.'litin of nropon and st'* fr <- 
tions, prolhroin 1)1 fi, tran‘',iintna''t’' , ure>, ti, 'tuiu'i , hilirtihut, h’ 
the liiMiiol luihuhlN and Ziinnit''} \ le-t'- 


II\ poalhuni 1 nacin 1 a and acidot-i’' .iri* corrc' ltd, giucto'* *1 iih it* 
sulin, and also ^ltanllns (\ilva‘'nl incKuliMlJ ire pie^rrilied, tiinrc'-i'^ 
IS ‘Stimulated ^\lth lasi\ ( 3 -'i nig,i,g a da\) 

In the presence of ‘•eiero liepaln ainl rtu d d\*'fonction, lieetn- 
operfusion is somotimos u^jd to dtrre.iM tin b,l,rnhin toalenl 
in oh'slnict ive jaundice haoniodial\ "-is cotnlin led v hen the p,** 
tienl IS prepaiod foi Iransplanl.ilion of the ktdne\, 

Ilacrnosla^i’i Maru diseases of the .liidoinmal organs-, the }-tdne\*, 
lungs and the heart, and po'^l-hum condition'- .'re /k foinjmnird nitii 
disorders in the ^\alol-‘■aU mel.iholi'.m, prolem motahohem, the 
acid-base equilibrium, and anaemia Cone, tion of thevo disorder^- in 
Uio pie-opcratne period is the main task of the nmo^lhe^ioiogist 
The pio-^ence of those di‘;ordor‘- depontL on the charactci of the 
nor concurrent disease, ^^hlle the degree of disorder 1^ n--e-ed. 
of^tPo coircclion are pre«tnbcd on the ba?i‘= 

can^llulv^ findings DeficioncN of adrenal cortex iiormones 

dromrorTfn^n piesencoofthe adronogeiutnl smi- 

witruermnl ‘fic past \\ ith hormones (e‘.pcciall> 

Sioulf thin pcepaialions) Prcd.molone 

beinc used n *^^‘'J"^*nium dose of the pa**! therap\ 

pS^,sXt“,otsu“:,vro 

The anaesthesiologist examines the child and enoc hm conclu- 

tliT app^oprmtf treat operation risk, prescribes 

makes K anaeslliesia and operation, and 

divided into thoTft All pationls arc 

calesl anfJbo^lJ fie operated imraediatolj (emergonej 

Tat eLs th^r " ni Preliminarily examined and assessed as 

former cale tbrann^ procedure In the 

case, the anaesthesiologist must be skilled enough to be 
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able to decide on urgent operation and to prepare a child in the 
critical condition for the operation Or he must he able to decide, 
together with the surgeon, \shether or not a ladical operation may 
be postponed and only a palliative measure be taken at the present 
time. In the latter case, the anaesthesiologist has the right to post- 
pone the operation till the time when the child is prepared appro- 
priateh 

When concluding on the condition of the child before operation, 
the anaesthesiologist, together with the surgeon, assesses the iisk 
factor, which is a very complicated task Risk includes many factors 
on which the outcome of tlie operation depends the child s condi- 
tion, the presence of gra\ e syndromes, the degiee of affection of vital 
functions, the character of the opeiative intervention, and the age 
Of course, skill and experience of the surgeon and the anaestlie- 
siologisl, the availability of the necessary apparatuses ond the 
degree of urgencv are also included into the notion of risk factor 
Various tables have been elaborated hv which all factors may e 
compared and the degiee of risk determined These tables can also 
be used to foretell the operation outcome The risk factors should be 
recorded in the case history 


PREPARING FOR ANAESTHESIA 

The anaesthesiologist’s task is to protect the child from 
emotions associated wutli the operation and to premedicate the clu d 

in view of possible complications that may he connected wi i an 

Psychological treatment Hospitalization itself is a trial to 

ment and the disease promote development of fears T^^® 

be afraid not only of the people in white, but liis ^ 

pends also on the attitude to him from Ins w^ard mates, 

ten the child by telling their experience, or a^oy the 

other wxays Childien are curious and observant ^^^®y ^ ^ . p. 

the trolley on which a patient is transported ® 

room, they may peep into the room where the f 

they may be frightened by the sight of patients f similar 

bandaged limbs, etc , and they may live in anticipation of sim 

experience The anaesthesiologist must find a tmrr y , , ,, 

to his patient to deserve liis confidence and to fin mtient 

fears unnoticeably The physician should find out what his Pat^ 

bnows about anaesthesia, he can give the child a ^ 

with, to try to breathe through the mask to 

that an injection is not so painful as it might he ea 

dren should not be deceived They should be Hiat they v lU 

sleep throughout the opeiation and will w'ake in 
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the operation is already o\er But the child should not he told all 
truth Before leaving his patient, the anaesthesiologist must reas- 
sure him that none except himself will take him to the operating 
room This will quiet the child. After a talk with the child the anaes- 
thesiologist should decide vhat particular medication should be 
given before operation and where it should he done (in the ward, in 
the anaesthesia room, or straight in the operating theatre if the 
operation should he performed immediately in connection with 
bleeding or the like) 

Premedication There are the following general requirements for 
premedication 1 — psychic comfort of a child, 2 — normal saliva- 
tion, 3 — decreased tone of the vagus, 4 — potentiation of anaesthetics, 
substances used for premedication should not inhibit respiration. 

The mentioned factors differ in their importance depending on 
a particular patient Some manipulations and minor operations do 
not require decreased tone of the nervus vagus especially so if anaes- 
thesia is conducted with preparations which do not increase saliva- 
tion The analgesic component should be increased in some other 
cases In some cases the administration of tranquilizers or intra- 
muscular or rectal basis anaesthetics can ensure the required calm- 
ing effect on the patient’s psychic condition 

Many various preparations are now used for premedication Thev 
can be classified in several groups 

1 M-cholinolytics These are antisalivary and vagolytic prepara- 
^ons Atropine and methacme are commonly used for premedication 
ihey have also a slight sedative effect These preparations prevent 
bradyarrhythmia that otherwise occurs when depolarizing relaxants 
are administered, hypersalivation is also prevented by them Tachy- 
cardia and upset thermoregulation in nursing infants are among the 
adverse side-effects (mostly of atropine) The preparations are 
administered intramuscularly 45 minutes before anaesthesia (or 
intravenously immediately before the induction of anaesthesia) 
Intravenous administration ensures a more stable and reliable effect 
Methacine is used in combination with other medicines that are used 
for premedication m the form of suppositories For various reasons, 
other preparations of this group are seldom used 

2 Hpnotics Barbiturates (and non-barbiturates) make a large 
group, but most frequently used are only phenobarbital, ammobar- 
bitai sodium, noxiron, and radedorm Infants sleep well the night 

operation, but older ones (in the pre- and pubertal age) 
Tint^ given hypnotics The hypnotics may be given per os (tab- 
hP if suppositories are available, rectal administration should 

the operation ^ ''' morning before 

Having a sedative effect, tranquilizers are 
widely used for premedication Vast experience has been gained with 
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Ihe paediatric use of mepiotane, trimctozine and chlordiazepoxide 
Parenteral admini'^tiation of diazepam is most effective liecause 
this prepaiation has a hioad theiapeutic action with the cential 
relaxation effect and the potentiating effect on analgesics and an- 
aesthetics. 

4 Neuroplegic and neuioleptic pieparations Dipiazine (pipol- 
plien) and diopendol aie ividelv used for paediatric anaesthesiology. 
Diprazine has a marked sedative effect, antihistarainic and bron- 
cholytic action, and potentiates the action of analgesics and anaesthet- 
ics It is often used together vitli atropine and promedol (45-60 min- 
utes before the opeiation) Diopendol is usually given together 
with atropine and a strong analgesic phentanyl This combination 
ensures very efficacious ataiaxia and analgesia and slightly inhibits 
respiration, 11111011 is undesiiable vith spontaneous lespiration 

5 Analgesics Piomedol 1 “? usually given to children The prepa- 
ration intensifies the sedall^o effect of picmedication and ensures 
analgesia during anaesthesia The inhibiting effect on respiration is 
lover than that of morphine, nausea and vomiting aie also less fre- 
<iuent V itli promedol It favourably combines with tranquilizers, neu- 
roleptics and neuroplegics Phentanyl is a strong analgesic It is 
used in combination with droperidol (see above) 

Atropine and piomedol have remained the most common prep^a- 
tions used for standard premedication Vast research has shown that 
this premedication is effective only m childien with a strong type o 
nervous system and ineffective in children with weak nervous sys 
tern If diazepam is added (0 2 mg per kg body weight), this pre- 
medication proves quite effective in children with both strong and 

yeak neivous sj stems , , . 

Premedication with ati opine and ketamine has a marked ana ges 
and sedative effect But tachycardia, hypertension, increased tone, 
and other side-effects of ketamine have made us look for some other 
premedication system We use ketamine in pnd 

pendol or diazepam Piemedication with atropine, ketamine and 
droperidol or diazepam proves efficacious in 94-96 pei „+,.nTiine 

The following premedication systems are 

+ keTamml Vo'SS + dmzl^am (o/ of 
premedication system should be selected depending on ^ind o 
operation, type of anaesthesia, and the patient s psy S 

condition ^ 

The dependence of doses of common preparations on age is shown 

premedication The preparations can 
Ptt os, intramuscularly, intravenously, or per rectum Peroial 
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Table 16 Doses of Preparations for Premedication of Children 


Child age 

Atropine 

MeUiacine 

Promedol 

Dipra/ine 

Barh,iin\l 

Uiazeparn 

Thalimo 

na] 



mg 



ml/lg 

Neonates 

0 1 

0 1 

0 5 

2-3 

_ 

1-2 


to 6 m 

0 15 

0 15 

I 

o~/ 

— 

3 

0 06 

6-12 m 

0 2 

0 2 

1 5-2 

10-12 

— 

3-5 

0 06 

1-3 y 

0 3 

0 3 

3 

45 

0 01 

5-7 

0 05 

4-6 y 

0 4 

0 4 

6 

20 

0 03-0 05 

7 

0 05 

7-9 y 

0 5 

0 5 

9 

25 

0 1 

8 

0 01 

10-12 y 

0 6 

0 C 

10 

30 

0 15 

8 

0 04 

over 12 y 

0 8 

0 7 

15 

30-40 

0 2 

10 

0 04 


administration is the least effective because young children vould 
reject taking tablets, furthermore, vomiting is possible Operations 
on the organs of the upper abdomen cannot be performed vith per- 
oral premedication Hypnotic tablets can be given to adolescents 
before the night sleep on the eve of operation Intramuscular injec- 
tions are most common They guarantee the desired efiect of premed- 
ication but infants fear injections Intravenous administration is 
suitable in urgent cases or vhen it is necessary to strengthen the 
premedication effect after anaesthesia has already been started, for 
example mth nitrous oxide or halothane But the most sparing 
route of administration of medicines is per rectum The advantage of 
premedication per rectum is quick absorption of the active prin- 
ciple of the suppository -without irritation of the rectal mucosa 
Vast experience has proved the efficacy of rectal administration of 
medicines to children 


GENERAL PRINCIPLES OF ANAESTHESIA 

There are some general principles that are common for all types 
of operative surgery and anaesthesia 

Selecting anaesthetics The list of anaesthetics includes a great 
variety of preparations for general and local anaesthesia, and a sui- 
table preparation can thus be selected for each patient with any kind 
of pathology But there is no ‘ideal’ anaesthetic so far It is difiicult 
to imagine a universal anaesthetic that can be used -with equal suc- 
cess, e g for correction of hernia in a neonate in conditions of a hospi- 
tal and a severely -wounded soldier in field conditions A skilled anaes- 
thesiologist follo-ws the principle a case-specific anaesthetic to each 
individual patient Belo'Vv’^ are the general criteria -v\^hich should be 
followed when selecting an anaesthetic and the anaesthesia tech- 
nique 
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1 The character of tlie foithconung inter\ention (the amount of 
surgical intervention, its einorgcncv, and the like) 

2 Age of the patient and his condition bv the moment of induc- 
tion of anaesthesia. 

3 The presence of concunont diseases 

4 Conditions under whiiJi anaesthesia is performed 

5 Special properties of anaesthetics 

Still, a kind of a standard anaesthetic method is often used foi mi- 
nor operations in each parliculai hospital which however does not 
contradict the above specified general principles Nitrous oxide 
and halothane or ketamine are usually used foi minor surgical op- 
erations The rule ‘co'^e-spccific anaesthetic to each individual pa- 
tient’ does not imply the application of various types of anaesthesia 
to each particular child The anaesthesiologist should assess prelim- 
inarilv tho characlci of surgical inlciv'eution and child s condition 
and to decide hefoiehand which paiticuloi component of anaesthesia 

IS obligatory and which component IS unnccossaiy at all 

The fear of an operation is absent in a neonate or a nuising infant 
and psvchic stress is Ihoicforo impossible with them Their muscu- 
lar lone IS less marked than in older children The most important 
anaesthetic component fni such patients is therefore adequate analge- 
sia and maintenance of normal respiration and blood ciiculation 
Sparing psvchic condition is obligatory foi older children iJie ciiild 
should be spociallv prepaiod psvchologicallv for any minor opera- 
tion oi manipulation (with appropriate premedication) Anaesthesia 
should preferabh bo induced in the ward Depending ^he cliaractei 
of operative intervention and the condition of the 
components of anaesthesia should be ensured Comp e 
of muscles is obligaloiy when uppei abdomen is „ 

nance of adequate lung voiitilalion and f^^^od circulation is obliga 
tory when the cliest of the patient is opened during 
general rule that an anaesthesiologist should fof|ovv when selecti^ 

Particulai typo of anaesthesia includes f^o P 

on^sthosia that would raminiire the f^numatic effect of surgery 
^ Transporting a child to Uie operating room. The of 

I’e transported to the opeiating theatre on ^ ^ Pj o 

gravity of his condition The patient should 
trolley because almost all premedication systems ii^clude^ 
vasoactive properties Any change 
f may upset his blood circulation and even bring lumjo^a cn^ 
tical condition Transportation of neonates is a sp P odd 

care should be taken to prevent exposure o „ miration of tho 
to prevent possible regurgitation an P 

'“Kything should bo proparod m the operating room for anaes- 
fnesia by the moment the patient is delivered to 
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Preparing the anaesthesiologist’s ^vo^kIng post. This includes 
•checking the availability of all necessary equipment and apparatus 
-and their preparedness forgiving anaesthesia, rendering urgent med- 
ical aid to the patient, monitoring his condition, and performing 
the necessary additional manipulations, e g bronchoscopy The 
•condition of the anaesthetic machine should be checked. Checked 
also should be the store of anaesthetic gases, the condition of the 
electric aspirator, laryngoscope, bronchoscope, apparatus for arti- 
ficial lung ventilation, monitoring systems, etc , and also the avail- 
ability of the necessary set of medicines, sets of tools used for vene- 
section or venepuncture, and systems for transfusion of blood and 
its substitutes As a rule, hospitals with anaesthesiological services 
have reserves of blood and its substitutes that may be urgently re- 
■quired during surgical operations At other hospitals, special meas- 
ures should be taken to ensure the necessary blood reserve for a 
planned operation 

Composition of the anaesthesiological team. The anaesthesiological 
team includes, as a rule, the anaesthesiologist himself and his as- 
■sistant (anaesthetist) But the team may also be different For exam- 
ple, an anaesthetist alone can narcotize patients for simple and mi- 
nor operations (under supervision of some other physician) Or, on 
the contrary, when the patient is prepared for a complicated op- 
eration on the thoracic or abdominal cavity, the team should in- 
•clude another nurse, a transfusiologist, and some other specialists 

Monitoring the patient’s condition. The patient’s condition can 
be controlled during anaesthesia either by clinical signs or using 
-special apparatus Pulse rate and arterial pressure are important 
factors of blood circulation during anaesthesia An important clin- 
ical sign that can characterize the peripheral blood circulation 
and many other functions is the colour of the skin Normal diuresis 
•during anaesthesia not only indicates adequate functioning of the 
kidneys but also adequate renal blood circulation 

Using a simple monitor, which controls the action of the heart 
during anaesthesia, facilitates the work of the anaesthesiologist 
considerably The monitor counts the pulse rate and records (on an 
oscilloscope screen or on a paper chart) the electrocardiographic 
findings More complicated monitors are used to control several 
physiological functions simultaneously respiration rate, body temper- 
ature, etc Some modern monitors can control more than 20 physio- 
logical functions, such as the cardiac output, peripheral vascular 
resistance, they can also work together with a computer to facilitate 
the physician in establishing a correct diagnosis in order to enable 
him to give appropriate prescriptions and to correct faults 

The respiratory function is assessed by clinical and laboratory find- 
Depth and rate of spontaneous respiration, the skin colour, and 
^ ornaity of lung ventilation are assessed in spontaneous respira- 
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tion When conducting artificial lung venlzlaUou, its condi ions 
should be selected depending on the particular patient 
nomograms (taking into account (he age and se\ of the ^ 

height and u eight, and the hodv surface area), and then (more accu 

ralely) during artificial lung ^entllalIon i^hnmfnru 

The acid-haso balance is of major a^id- 

nndings are quite mformatn e It i^ important to ^ 

base balance not only in the capillary blood but 

and venoiKi blood It characlenres not Jf^ovvL^ 

but also the transport function of the blood, utilization of oxygen, 

and elimination of carbon dioxide fiom HpiPTmination 

Electrocncephalogi aphxj 1*= used becomes even more 

of the depth of anaesthesia This facuUv of becomes ex 

important m anneslhcciologv because the asses , multicom- 

.a^doptl. bceon.0. compl.ca.o 

n«v anao5lhot.es and .n other f^fconvInS, and 

bv functions is onlv conventional, for th ^ function of 

the physician must 'foel’ the patient, ; e to assess the tuner 

all Ins organs and systems on the whole. 

Principles of hlaintenancc Therapy During Operation 
and Anaesthesia 

Attaining llie necessary components normal life^activ- 

ular case (see Chaplei 6) is aimed at ^ ^ psychic perception 

ity of the body. Unconsciousness or and 

during operation and anaesthesia is „„.,pcn,esia depth has been 
onalgisics The approach to selection of anaeslljs« 
different throughout the entire histo y carried out with 

been proved now that operations ^ i^ot oe^c 

superficial anaesthesia (on the it' holds for children 

analgesia (analgesic anaesthesia) A ^ patient may wake up 
In cases where muscle relaxants are cause severe com 

unnoticeably to the anaesthesiologist, a , mug depth of anaes- 

piications even in the late post-operativ P , stage IIIi 
thesia should iherofoie be not below t of pam perception) 

A complete analgesic effect (absolu means Pam impulses 

IS an obligatory condition for . circulation and other func- 

may cause severe disorders in the bio ^gojes are fully relaxed 

tions, even if the patient is asleep an f acliycardia, increased and 
Inadequate analgesia is manifest^ „,ac:ficatorv and mimic mus- 
then decreased arterial pressure Analgesics should there- 

cles may twitch and the child may pe P y^aesthesia, a 0 25 per- 
fore be used even in the surgical stage ot ana 
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cent procaine solution should he injected into the root of the lung, 
the pleura and the mesentenum before starting manipulations on 
the reflexogenic zones 

Respiration and gas exchange are maintained during operative 
surgery by inhalation of air or insufflation of oxygen and air to- 
gether with vapours of anaesthetics, by ensuring free patency of the 
airways, and by assisted and controlled respiration It is important 
to remember that signs of respiratory deprec'-ion or up=et gas exchange, 
e g changes in the colour of the skin and muco'Ja, changes in the 
rhythm and respiratory volumes, or acid-ha'^e imbalance should he 
analysed immediately The causes of these changes should be diag- 
nosed and measures to eliminate them taken Operation may not he 
performed in the presence of deviations from the initial respiratory 
and gas exchange indices 

Normal blood circulation is maintained by adequate analgesia 
respiration, infusion therapy, and special preparations acting on 
the cardiovascular system During anaesthesia and operation, the 
energy and the necessary volume of circulating blood should be 
maintained by infusion therapy Liquid deficit due to perspiration, 
eventration of the internal organs, and some other factors should 
be compensated A neonate loses to 60 ml of liquid through the skin 
during an operation, the liquid loss of a one-year-old infant is to 
150 ml, and of a 6-year-old child to 240 ml 

The loss of blood during operation can be determined by various 
methods The gravimetric one is the simplest the dre‘=sing mate- 
rials are weighed before and after operation The amount of blood 
aspirated is also counted The loss of blood should be con'^lantly 
replenished by a slightly larger volume of liquid, the excess amount 
increasing with the absolute loss of blood For example, if 10-15 per 
cent of circulating blood is lost, the volume of the infused fluid should 
be 20-25 per cent larger than the lost volume, if the blood loss is 
20 per cent of the circulating volume, the infused volume should be 
30-35 per cent larger than the lost blood If 25-30 per cent of cir- 
culating blood IS lost, the loss should be replenished and additional 
50 per cent volume added If the blood loss exceeds 30 per cent, the 
infused volume should be doubled Of course, these calculations are 
only tentative and many other factors should be considered, e g 
condition of the patient before the operation the amount of surgical 
intervention, the length of operation, and other factors 

It is not easy to decide what fluid should be used to replenish the 
blood loss It has been established recently that the effect of donor 
blood transfusion is not always positive There exists a great danger 
of post-transfusion hepatitis, reactions to albumins allergic reac- 
tions, aggregation of erythrocytes, formation of thrombi in the pul- 
monary capillaiies, and disorders in the blood coagulating and an- 
ticoagulating systems It has been shown that the oxygen carrying 
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pOMor of donor blood docroaso‘5 iognificanth in 3 days aftei taking 
It has al<o been c‘>labli<hod that dilution of blood improves micro- 
circulation, nonnahyes manv haeniod> namic processes, and stimu- 
late®: ervthropoiesm In ihi': connection, the attitude to leplenish- 
ment of blood in children with an equal volume of donor blood has 
been revi'-cd A lo^s of In pei cent of blood can be leplenished by 
nindb other than blood (pla'^rna cvlendeis) Polvglucin, ilieopolyglu- 
cin, plasma, and ''Ome otlicr solutions are used as blood extenders 
If the of blood is between lo and 20 pei cent of ciiculating 
ume, onh aO-'iO pei cent of the deficit can be leplenished with blood, 
the remaining \olunio being icplenislied b's blood extendei If the 
blood losv m nioic llinn 23 per cent, the diluent may be 50 pei cent of 
the infused fluid foO pei coni of whole blood -{- 50 pei cent of dii- 


In addition to icplcnishod blood loss the following ^olumes o 
fluid sliouUl be infused dining anaesthesia to compensate for oj-bcc 
losses 6-S ml pei kg bod\ weight per horn to neonates, and 4-b ini/icg 
per hour to infants under 1 joar of age The composition ot these 
fluids should be the following (appro\imatclv) h-10 per cent g u- 
cose, rheopohgUicin, albumin, etc the plnsiological ratio ot solu- 
tions with and witbonl sails being 1 2 

It mav be neccssarv during an opeiation to adminis 
medicines iniproMiig metabolism and the heart f ^ n 

boxylasc sodium In drocarbonale, calcium chloric e (c g 


conate), hormones, p-blocking agents, panangin 


Recovery from Anaesthesia 

The physician should be piepared to manage 
^ons that may ause during the patient s recovery disorders 

These ma^ be apnoea, hronchospasm, chills, cii ^ ^ ’ 

etc The anaesthesioiogist must do everything o P P . g^s^j-e 
tient for transportation from the operating roo free 

stable blood circulation, adequate spontaneou p 
patency of the an ways, and adequate ^ of sur- 

Depending on complexity of operation and nnpration the 

gical injury, the child’s age and his condition ® surgical 

operated child should be transported either to ^ depart- 

uard for post-operative care or into the in e operation and 

meat Monitoring the patient recovering Monitoring is 

anaesthesia is as important as during a^Hontrol Jf 

a great help to the nuise in her care of th p , nost-operative 
Possible complications Complications of i ^ ^j^g anaes- 

Period are usually connected wath residua nausea and vom- 

tlietics The most common complications , ’^gj. excitation or, 

'ting, disorders in blood circulation, psycliomotor excitat 
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on the control j, depression Dopre=5ion jnn\ be ni ( ompanied with 
severe respiratory distress or complete cc'-'-nlion of respiration 
The Mtal functions of the hod\ should thciefoic be ob‘-er\cd very 
attentively both duiing anaesthesia and during recoicrj from it. 
An important factor is patency of llie airwai*- Mea‘>nrcs should be 
taken to prevent letraclion of the tongue or a'^pirntion of the \omilu<= 


Chapter 8 

Simple (One-component) Anaesthesia 

Combined anaesthesia is now commonlj used but a necessity 
arises in some cases to cany out a simple one-component anaes- 
thesia Moreover, the knowdedge of the technique and the clinical 
course of one-component anaesthesia is obligatory for a correct un- 
derstanding and mastering of the technique for complicated multi- 
component anaesthesia 

INHALATION ANAESTHESIA 

Inhalation anaesthesia is nov' given througli a mask and a special 
apparatus as showm in Fig 24 A simple mask alone can be used 
for inhalation anaesthesia only in special cases when anaesthesia 
is urgent and is conducted under inappropriate conditions 

Ether-oxygen anaesthesia Ether anaesthesia is used verj seldom, 
when other means of anaesthesia are not available Before giving 
ether, the patient should be premedicated with atiopine and pro- 
medol 

The apparatus is prepared for operation The ovjgen flow is adjust- 
ed at 6-8 1/min, the safety valve is opened to the full extent to de- 
crease the expiration resistance, and the child is given to breathe 
pure oxygen for 1-2 minutes In order to accelerate anaesthesia the 
absorber can be switched off for 3-5 minutes and the oxvgen flow rate 
decreased to 2 l/min Slight hypercapnia is thus induced, which pro- 
motes a rapid anaesthesia due to intensified pulmonary ventilation 
and cerebral circulation The ether supply is now adjusted at the 
first division of the scale and then, after each 3-5 inhalations, the 
pointer should be moved through half a division to increase the 
anaesthetic concentration As soon as the child gets accustomed to 
the smell of ether, the oxygen delixmry is decreased to 0 5-1 1/min 
and the safety valve is closed The ether supply is now increased 
but if the child coughs, the anaesthetic concentration should be 
decreased for a short while until the child stops coughing The 
ether supply is then increased again (to 7th or 8th division) When 
the patient shows signs of anxiety, the ether concentration should 
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Fig 24 Induction of anaesthesia by a face mask 

be mcieased even moie in order to supply of 

possible If a child is healthy and stW, t ^ 
ether continues for 3-7 minutes m o , , gg|. at 3 or 5 The- 
surgical stage is attained, the Inwer (1st or 2nd division 

concentration of the anaesthetic may required depth 

on the scale) to maintain prolonged f^^^^fl'g^lrate should be in- 
If signs of hypercapnia appear, tlie o-- y& , j,e opened 
creased to 6 1/min, while the safety , 10-15 minutes before 

The ether supply should be discos should be increased 

the operation is over, while the o?^yg , normal ether anaes- 

to 8-10 1/min An obligatory condition ^spira- 

thesia IS removal of jnucus from t assisted respiration (if 

tion, correct position of the ’ , 

spontaneous respiration is inhibne 1 +^3 should be provided 

Halothane-oxygen anaesthesia The PP where the anaesthetic 
■with a special evaporator outside i should be calibrated for 
.ture pirmlntfid The evaporator sn a rate of 


-irtiuuiaue-uxygtju cv<?tem wuere buc — 

ih a special evaporator outside should be calibrated 

xture IS circulated The evaporator s at a rate ux 

iothane The oxygen supply sl^^uld nST/1 

! 1/min The child is allowed to concentration of 0 005 1/1 

ae and halothane is then delivere should then be grad- 

5 per cent by volume) The cone ^ ^ r cent v/v per each 
lly increased (0 0025-0 005 1/1, Veconies e^oited, the concen- 
3 inspirations) When the Patient o y/v)^ 

ition should be increased by 0 005-0 01 t 
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In 3-4 minutes, ilie lialothane concentration should be increased 
gradually to 0 03 1/1 (3 pei cent v/v) and then slightly decreased 
The patient falls asleep in 2-4 minutes and the surgical stage is at- 
tained in 6-8 minutes The patient is maintained at this stage In 
lialothane at the concentration of 0 015-0 02 1/1 (1 5-2 per cent v/v) 
As soon as the surgical stage is attained, the ovygen supply is ad- 
justed at a suitable rate, depending on the particular apparatus u'^ed 
(closed or semi-closed circuit) To-and-fro or semi-open systems 
■are recommended to children under 6, while common rehreathing 
circuits can be used with older children 

It should he remembered that the onset of the surgical stage (con- 
tracted and centrally fixed pupils, relaxed muscles, slightly accelerat- 
ed respiration) does not indicate that the operation can be started 
If a surgical incision is made immediately after the onset of the 
surgical stage, the child may move involuntarily, the pupils may 
widen and laryngospasm occur The test for pain reaction should 
therefore be first conducted In the presence of response to pain anaes- 
thesia should he deepened Depending on the length of anaesthesia, 
the patient may wake up in 4-6 minutes after suspension of halo- 
thane supply The oxygen delivery should he increased during this 
period to facilitate elimination of the anaesthetic and carbon diox- 
ide from the lungs 

Halothane-air anaesthesia Special apparatuses calibrated for 
lialothane should be used As vitli the other anaesthetic machines, 
the halothane supply should first be adjusted at the minimum level 
•of 0 005 1/1 (0 5 per cent v/v) During the following 2-3 minutes the 
lialothane concentration should be increased to 0 03 1/1 (3 per cent 
v/v) The patient falls asleep in 2-3 minutes, the surgical stage fol- 
lows in another 3-4 minutes The surgical stage is maintained by 
halothane supplied at a rate of 0 015-0 02 1/1 (1 5-2 per cent v/v) 
The patient may develop hypoxia due to respiratory distress Halo- 
tliane-air anaesthesia is therefore rarely used with children 


Nitrous Oxide .Anaesthesia 

Adequate premedication is especially important with this type 
of anaesthesia Atropine, analgesics (promedol or omnopon), hypnot- 
ics, and (for special indications) antihistaminics should obligatorily 
be used for premedication Children should be transported to the 
operating room half-sleeping Anaesthesia can be given with any 
suitable apparatus provided with flow-meters for oxygen and ni- 
trous oxide The system is filled with oxygen In order to denitroge- 
nate the patient, he is first given pure oxygen to breathe for 2-3 min- 
utes through a mask from the apparatus (semi-closed circuit), the 
^'^ygGu flow rate being 6-8 1/min The absorber may be disconnected 
The oxygen supply is then decreased to 2 1/min and nitrous oxide 
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IS supplied at a rate of 6-8 1/min It is necessary to ensure a tight fit- 
ting of the gas mask to the child’s face At the o\ygen to nitrous ox- 
ide ratio of 1 4 the child falls asleep in 60-90 seconds, and m some 

cases after 10-12 inspirations The gas supply should he maintained 
at this level for another minute or two, the oxygen to nitrous oxide 
ratio should then be decreased to 1 3 
If the initial oxygen to nitrous oxide ratio is 1 3 and the gases 

are supplied at a late of 2 and 6 1/min, respectively, the analgesic 
stage is attained within the fiist 2-3 minutes The heart rate de- 


creases insignificantly in children over 6, consciousness becomes 
dimmed, and the child develops oral and motor excitation The child 
becomes unconscious completely in 4-6 minutes from the start of in- 
halation If the gas flow rate is decreased, the absorber should be 
connected to the system Inhalation of a gas mixture containing less 
than 0 2 1/1 (20 per cent v/v) oxygen even for a short period of time is 

prohibited 

The surgical stage (I Hi) of anaesthesia is attained in 6-8 minutes 
from the start of inhalation The onset of this stage is characterized 
by a slightly accelerated respiration, tachycardia, live corneal and 
pupillary reflexes, the presence of normal tone of the skeletal mus- 
cles, and slight hyperaemia of the face In most cases rt is impos- 
sible to deepen this stage without increasing the anaesthetic con- 
centration Nitrous oxide is absorbed in a child at a faster rate than 
in adults If anaesthesia is only superficial, the child develops motor 
excitation and arrhythmical respiration Extremely deep anaesthesia 
IS manifested by cyanosis Stage IIIj can be maintained in c i ren 
with the oxygen to nitrous oxide ratio of 1 3 This ratio may 

Jower (1 2) with asthenic patients, but this concentration of anaes- 

thetic only maintains analgesia in most cases If cyanosis , 
signs of respiratory insufficiency are obvious, the , 1 , 

should be increased and the anaesthetic effect of nitrous oxi i „„ 
be intensified by a more effective agent When the operation is c os 
to completion (3-5 minutes before termination of , 

oxygen to nitrous oxide latio should be decreased to c„nnlv 

Just before terminating the operation, the nitrous oxid PP 
should be discontinued and the child should be j^,P « tug 
to breathe Breathing air after discontinuation of J 

oxygen-nitrous oxide mixture is not allowed it can 
hypoxia owing to supply of great amount of nitro 

Tii T^inutes after discontinuation 

the child usually wakes up m 3-5 minutes aitei , , _ f 

of nitrous oxide supply Anaesthesia ivith nitrous 

practically affect the respiratory function, circulation of blood, or 

Consciousness, coughing is absent 


9~01222 
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Trichloroethylene Anaesthesia 

Trichloroethylene (inlen) given in narcotic closes causes arrhythmia 
and disorders in the respiratory function and is tlieiefore used only 
for short operative procedures it produces only shallow analgesia and 
the surgical stage is not attained No special piemedicalion is ne- 
cessary with trilen anaesthesia hut if a child is overanvious, lie may 
he given analgesics Trilen may not be given from apparatus em- 
ploying chemical absorbers of carbon dioMcle, since trilen wull 
decompose giving a poisonous substance dichloroethylene (ethylene 
dichloride) Open or vemi-open systems can therefore only be used 
with trilen 

Vaporizers used for trilen anaesthe'iia are provided with a batch- 
ing device delivering trilen at a rate of 0 006-0 009-0 015 1/1 (0 6- 
0 9-1 5 per cent v/v) The patient is given trilen by mask, the anaes- 
thetic being inhaled together with atmospheric air The patient ex- 
pires into the atmosphere through a special valve 

The patient does not feel any unpleasant sensations wdien he 
breathes tnlen-air mixture Analgesia is usually attained after 
12-16 inhalations (sometimes even earlier) Consciousness is lost 
only in 2-4 minutes and the gas mask may then be removed The 
patient recovers in 30-40 seconds after discontinuation of delivery 
of the anaesthetic 


Cyclopropane Anaesthesia 

Premedication should obligatory include atropine Vomiting 
should be prevented by intramuscular injections of aminazine 
Adrenaline should not be used because cyclopropane sensitizes the 
myocardium to catecholamines 

The child is given pure oxygen to breathe for 1-2 minutes and 
then cyclopropane is supplied (closed system) at a rate of 0 25- 
0 3 1/min, oxygen is delivered at a rate of 1 1/min The concentra- 
tion of cyclopropane should be increased to 50 per cent (0 5-0 6 1/min 
of oxygen and 0 5-0 6 1/min of cyclopropane) within few minutes 
After breathing this mixture of equal volumes of cyclopropane and 
oxygen for 1-2 minutes, the child usually falls asleep and the surgical 
stage of anaesthesia is attained If the surgical stage should be 
attained as soon as possible, the 1 1 mixture can be supplied from 

the very start of anaesthesia The patient falls asleep in 1-1 Vg min- 
ute and the surgical stage is attained in another l-lVg minute In 
order to maintain this stage, a mixture containing the cyclopiopane 
IS delivered at a rate of 0 1-0 15 1/min while oxygen is delivered at 
a rate of 1 1/min Cyclopropane supply should be discontinued 5- 
7 minutes before the end of the operation, while the oxygen supply 
should be increased to 6-8 1/min The patient recovers from anaesthe- 
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sia in 20-40 minutes Disorders in blood circulation are possible, and 
cyclopropane is therefore usually used only for induction anaesthe- 
sia 


Efhrane Anaesthesia 

No special premedication is necessary with etlirane (enflurane) anaes- 
thesia Antihistaminics and other preparations are prescrilied foi 
special indications (depending on the condition of the child) The 
child first bieathes pure oxygen for 1-2 minutes and then etlirane 
IS delivered, whose concentration is gradually increased by 
0 005 1/1 (0 5 per cent v/v) per each 4-5 inspirations The induction 
of anaesthesia is quiet because the anaesthetic has a pleasant odour, 
nor docs it iiritate the mucosa of the upper airways The initial stage 
(I) of anaesthesia ends with loss of consciousness and in children 
It lasts for 20-90 seconds The child remains sensitive to pain dur- 
ing this stage The transitional stage (II) of etlirane anaesthesia lasts 
from 2 to 10 minutes The pupils are rapidly contracted, then the 
ocular and laryngeal reflexes are decreased, the muscle tone lowers, 
nnd the sensitivity to pain is finally lost The excitation stage is 
practically absent 

The surgical stage is attained in 6-12 minutes from the beginning 
if the concentration of the anaesthetic is 0 035-0 04 1/1 (3 5-4 per 
cent ^/v) Spontaneous respiration is inhibited significantly and 
the lungs should be ventilated artificially The heart rate slightly 
increases, the arterial pressure decreases by 10-15 mm Hg In or- 
der to maintain the surgical stage, the ethrane concentration shuu a 
he decreased to 0 025-0 03 1/1 (2 5-3 per cent v/v) Since the anaesthet- 
ic is rapidly eliminated from the body, its concentratio^n ^lou d e 
decreased not earlier than the suigical wound is sutured I he child 
fully recovers from anaesthesia in 5-10 minutes aftw discon inua 
lion of the anaesthetic delivery Since the analgesic effect of ethrane 
IS short, post-operative analgesia should be started on the operat- 
ing table 


NON-INHALATION ANAESTHESIA 

An obligatory component of medication is atropine „r>Qoo_ 

Intravenous barbiturate anaesthesia. Intravenous 
tbosia IS conducted with a 1 per cent thiopental 
solutions The barbiturate solutions should 1 S/ 

before administration To that end, Igofthe dry wfte; 

solved in 20 ml of isotonic sodium chloride solution or distilled water 
in a vial The solution is then transferred by a syringe into ^ measi^- 
ing cylinder and 80 ml of isotonic sodium chloride solution or dis 
tilled water are added to make a 1 per cent barbiturate solu o 
It should be mixed thoroughly by pulling it into the syringe and 


9 * 
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ejeciin" iL from the svnnpte feC\oi.il tunes 'Piio first poilum of the 
barbiUualc solution (2-d ml) ‘should he uijoclod sloulv, vulbin U- 
20 seconds. This do^e does not iisuallj cause anv noticeable confu- 
sion of consciousness oi inliiliil respiration Pam at the site of in- 
jection may be due lo injection of the barhiliirali* solution either un- 
der the skin or into the arten If there is no adverse reaction to the 
injection, the injection should he ronhnned in lO-'iO seconds at a 
rate of 1 ml duiing .j-10 seconds biom i to IP ml of the harbilur.ite 
solution should he injected iMtliin 1-2 minutes '1 ho child f<ills asleep 
the respiratoiv function is inhibited and the piipillarv reai lion to 
light deci cases The corneal icflev icmains ah\e and the ojehalls are 
mobile As soon as consciousness is lost, the child should he gi\en 
oxygen lo inhale thiongh the mask Subsequent adminislralion of 
anothei 6-8 ml of the hai hitiiratc solution wiLliin ^O-GO seconds ensures 
the surgical stage of anaesthesia (HIj-lIU) This stale is character- 
ized by a greater inhibition of sponlancons respiration, flaccid cor- 
neomental reflexes, and immobilitv of the e\cballs Tlio operation 
can be started 

Anaesthesia is maintained by fiactional slow injection of the bar- 
biturate solutions (2-3 ml) so tliat the narcotization romains at the 
same level The depth of anaesthesia should he astossed not by the 
administered dose but by the clinical signs Motor reactions, tnehy- 
pnoea or coughing in response to the surgical intervention indicate in- 
sufficient depth of anaesthesia Marked respiratory distress, cyanosis, 
dilatation of the pupils, relaxation of the muscles and tongue re- 
traction indicate excessively deep anaesthesia (stage III3) Tlie 
administration of barbiturates should be discontinued and assisted 
or artificially controlled respiration should be induced If special 
anaesthetic apparatus is not available, the patient’s mandible should 
be pulled back and artificial lung ventilation should bo conducted 
using an air bag or carrying out the moutb-to-mouth artificial res- 
piration When anaesthesia is stabilized at the surgical stage, it 
is unnecessary to administer additional doses of the barbiturates 
until the first signs of insufficient depth of anaesthesia develop As 
a rule, the patient begins recovering in 2-3 minutes after suspen- 
sion of injections (in 5-6 minutes, if the injections were multiple) 
The recovery lasts for 3-10 minutes It is characterized by a gradual 
recovery of reflexes, motor activity and consciousness Intravenous 
barbiturate anaesthesia should be used for induction of anaesthesia 
only, or if anaesthesia lasts not more than 20 minutes. 

Intramuscular barbiturate anaesthesia Promedol should preferably 
be used for premedication A 10 per cent hexenal or thiopental so- 
dium solution (1 g of the dry substance dissolved in 10 ml of an 
isotonic sodium chloride solution or distilled water with subsequent 
thorough stirring of the solution) is injected into the 
thigh or the buttocks The dose is 8-10 ml of a 10 per cent solution 
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Hevenal or thiopental sodium becomes effective in 3-5 minutes The 
child becomes sleepj’ in 6-8 minutes and a narcotic sleep is induced in 
15-20 minutes and lasts for 15-30 minutes Respiration can be in- 
hibited dining this peiiod Less frequently it occurs due to overdos- 
age and more fi equently due to tongue retraction Assisted lung ven- 
tilation IS then necessarv Deep anaesthesia is induced by intra- 
muscular injection of barbiturates in weak and asthenic children If 
a child is healthy and stiong, stage IIIj anaesthesia is only attained 
After recovery from anaesthesia, childien fall asleep again for 30 
to 120 minutes 

This type of anaesthesia is seldom used because of its poor con- 
trol. 


Intramuscular ketamine anaesthesia Ati opine and diazepam 
should obligatorjf be used for piemedication Narcotic analgesics, 
antihistaminics and some other preparations can also be used for 
special indications 

A 5 per cent ketamine solution is used for intramuscular injec- 
tions The anaesthetic dose depends on the age and the body weight 
of the patient For neonates the dose is 12-14 mg/kg, for nurslings it 
IS 10-12 mg/kg, infants ageing from 1 to 2, 9-11 mg/kg, from 3 to 6, 
o-lO mg/kg, and for children ageing from 7 to 14, 7-9 mg/kg The 
lighter the child, the bigger the anaesthetic dose with reference to 
his body weight The rate of ketamine absorption after its intra- 
muscular injection depends on the dose and the local condition of 
tissues absorption is rapid from the muscles of a child with adequate 
hlood circulation, and slow if the circulation is inadequate or if 
the solution is injected into fat Like in any other type of general 
anaesthesia, the individual response to ketamine depends on the 
dose and the age of the child An allergic reaction may develop at 
the site of injection (hyperaemia or macular eruption) 

The main dose of the anaesthetic is administered 8-10 minutes 
before operation A single intramuscular injection ensures a strong 
analgesic effect and the patient falls asleep In other words, a sing e 
dose ensures induction and basal anaesthesia The maximum effect 
IS attained in 8-10 minutes, this period is marked by pronounced 
tachycardia and hypertension One dose is effective for 25-30 minutes 
If an operation requires a longer time, surgical anaesthesia should 
be maintained by repeated intramuscular injections of ketamine ii 
signs of shallow anaesthesia develop m 25-30 minutes after the 
nrst injection, either the initial dose is injected again or the dose 
^ay be halved, depending on the anticipated time of operation 
The anaesthetic stage should be maintained by repeated intramuscu- 
lar injections at 20-25-minute intervals (Vj or 1 ^ of initial 
dose) 

Ketamine injections should be repeated for the 
ions a - — accelerated respiratory rate and decreasing ti a , 
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b — obvious motor reactions of the limbs, c — twitching of the mim- 
ic muscles, tZ— displacement of the eyeballs and nystagmus The 
last dose of the anaesthetic should be administered 30-40 minutes 
before the end of the operation 

Recovery from anaesthesia lasts from 30 to 60 minutes and de- 
pends on the time when the last dose was administered, the time 
of general anaesthesia, preparations of premedication, and special 
properties of the patient 

Ketamine has a pronounced analgesic effect and no additional 
analgesics are therefore required during 2-3 hours post-operative 

Intravenous ketamine anaesthesia A 1 per cent ketamine solution 
(5 per cent ketamine diluted in 5 per cent glucose to obtain the ke- 
tamine concentration of 1 per cent) is used for intravenous admin- 
istration The mam dose is 2-3 mg/kg, irrespective of the patient’s 
age The maximum effect is attained in 40-60 seconds and lasts for 
10-15 minutes This period is characterized by elevated arterial 
pressure and marked tachycardia Anaesthesia is maintained by 
repeated intravenous injections of the preparation at 10-15-minute 
intervals (V 2 or V 4 of initial dose) If the anaesthetic is injected at 
a fast rate (within 60 seconds), the respiratory function of children 
is strongly depressed to a complete cessation of respiration, artifi- 
cial lung ventilation is then needed 

The patient recovers from anaesthesia more rapidly than with 
intramuscular injections, but still the time of recovery varies be- 
tween 15 and 30 minutes 


Chapter 9 

Multi-component Anaesthesia 

NITROUS OXIDE AND HALOTHANE ANAESTHESIA 

Atropine should be used for premedication The patient is first 
given oxygen to breathe for 1-2 minutes at a rate of 6-8 l/mm The 
nitrous oxide to oxygen ratio in the gas mixture is 3 1 Halothane 

delivery is started simultaneously The concentration is increased 
gradually from 0 005 to 0 025-0 03 1/1 (from 0 5 to 2 5-3 per cent 
v/v) If the oxygen supply should for any reason be increased, the 
nitrous oxide proportion should be decreased to 50 per cent (and 
even lower) increasing the concentration of halothane The sur- 
gical stage IS attained without excitation in 2-3 minutes The in- 
itial nitrous oxide to oxygen ratio can then be restored or adjusted to 
2 1 ( 3 ^ 1 ), w^hile the halothane concentration should be decreased 

to 0 005-0 01 1/1 (0 5-1 per cent v/v) Sometimes physically strong 
children require the halothane concentration of 0 1-0 015 1/1 ( 1-1 5 per 
cent \/v) to maintain the surgical stage of anaesthesia The supply 
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of lialotliane should bo disconUnued 8-15 minutes and of nitrous 
oxide, 3-5 minutes befoie termination of the operation (depending on 
duration of the opeiation) 

NITROUS OXIDE, BARBITURATE, 

AND HALOTII VNE ANAESTHESIA 

Prcmedicalion should obligatory include atropine, the other com- 
ponents of anaesthesia should be included foi special indications 
Adrenaline should not be used Barbituiales should be used for in- 
duction anaesthesia After tlio patient falls asleep oxygen inhalation 
should be carried out for 30-^i0 seconds (6-8 1/min) The nitrous oxide 
to ox j gen latio is then adjusted at 2 1 (3 1), halo thane delivery 

IS started at a rate of 0 005 1/1 (0 5 per cent v/v) The halothane con- 
centration IS gradually incieased within 2-3 minutes till the momen 
when the surgical stage is attained If the patient shows ° 

excitation, a small dose of barbiturates can be administered addition- 
ally The dcsiied stage of anaesthesia is maintained by delivering 
nitrous oxide and oxygen at a latio of 2 1 and halothane a a ra e o 

0 005-0 015 l/I (0 5-15 per cent v/v) Halothane delivery should 

he discontinued 5-10 minutes before the operation is completed (de- 
pending on the duration of the operation) 
should meanwhile lie increased to 40-50 per cent Nitrous ox 
should be stopped 3-5 minutes before the end of the operation, win e 
the oxygen supply should be increased to 8-10 l/mm 

KETAMINE AND NITROUS OXIDE ANAESTHESIA 

Atiopine is an obligatory component of ^ 

is given for indications The mam dose of a 5 per c child’s 

tion IS administered intramuscularly The dose depen weisht 

sge and his weight neonates are given mg pe g m^/kcr’ 
^^rslmgs, 9-11 mg/kg, infants from 1 to 2 

between 3 and 6, 7-9 mg/kg, and between 7 and 14, 6-8 mg g 
ter the anaesthetic is administered, the child g /^ke ni- 

0 breathe for 1-2 minutes and then nitrous oxide 
trous oxide to oxygen ratio, 3 1 or 2 1) i rpmarns effec- 
^naesthesia is attained in 6-8 minutes, the inhalation 

twe for 30-40 minutes The anaesthesia is 

nitrous oxide and oxygen at a ratio of 2 1 eliminates 

tions of ketamine (V, or V, of mitial 

^usculai hypertone and ensures a ^ose, moderate 

maximum effect of the \ of the anaestliet- 

tachycardia and hypertension develop The last operation 

should be injected 40-50 minutes before th minutes before 

The supply of nitrous oxide should he discontinued 5 minutes 
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the end of the operation, and the child should he given pure oxygen 
to breathe for a few minutes 

If a 1 per cent ketamine solution is administered intravenously, 
induction begins with inhalation of nitrous oxide and oxygen at a 
ratio of 3 1 The mam ketamine dose (2 mg/kg, irrespective of 

the child’s age) is injected slowly into the vein in 3-5 mmutes 
The surgical stage is attained in 30-40 seconds and lasts for 15- 
17 minutes Anaesthesia should be maintained by inhalation of 
nitrous oxide and oxygen (2 1 ) and repeated intravenous injections 
of ^/o or ^/4 of mitial ketamine dose at 15-20-minute lnter^als The 
last dose of the anaesthetic should he administered 20-30 minutes 
before the end of the operation 


IvETAMINE NITROUS OXIDE AND HALOTHANE ANAESTHESLA 

Premedication is the same as with the ketamine and nitrous oxide 
anaesthesia The child is first given pure oxygen to breathe for 
1-2 minutes (6 1/min) Then nitrous oxide is added (2 1) Ketamine 
is injected intramuscularly or intravenously in 3-5 mmutes The 
mam dose of the anaesthetic for intramuscular administration is 8 - 
10 mg/kg for neonates, 7-9 mg/kg for nurslings, 6-8 mg/kg for chil- 
dren from 1 to 2 years of age, 5-7 mg/kg for children between 3 and 6 , 
and 4-6 mg/kg for children ageing between 7 and 14 
The main ketamine dose for intravenous injections is 1 5-2 mg/kg 
The surgmal stage of anaesthesia is attained m 4-6 minutes and it 
lasts for 50-60 minutes with intramuscular injections (30-40 seconds 
and 1 ^ 3-20 minutes, respectively, with intravenous injections). The 
anaesthesia is maintained by injections of or V 4 of initial ke- 
tamine dose (at l-hour intervals with intramuscular or at 15-20-min- 

intravenous injections), and by inhalation of 
0 006-0 008 1/1 (0 6-0 8 per cent v/v) halothane and a mixture of 
nitrous oxide and oxygen (2 1 ) This type of anaesthesia stimu- 
lates the heart s action though not markedly At the height of ac- 
tion 01 the main dose, the rise of the arterial pressure is more uniform 
ana slow The last dose of the anaesthetic is injected intramuscu- 
larly 1 hour before the end of the operation (30 minutes before the 
.u with intravenous administration) The supply of 

halothane is discontinued 10-15 minutes and of nitrous oxide, 5 mm- 
utes before the end of the operation 


tXAESTHESIA WITH CENTRAL ANALGESICS 
Nitrous Oxide, Halothane, and Promedol Anaesthesia 

Promedication is standard Anaesthesia is induced by inhalation 
ot nitrous oxide and oxygen (2 1 ) and 0 01-0 015 1/1 ( 1-1 5 per cent 
' halothane When the patient is asleep, V 3 total dose of the 
analgesic is slowly injected intravenously The total promedol dose 
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IS 0 8-1 nig/hg If promedol is injected lapidly, spontaneous respi- 
ration IS slrong]^ depiessed to complete arrest foi short periods of 
time, lung ^entllallon should he assisted 
The surgical stage of anaesthesia is attained in 30-40 seconds 
after administration of promedol The lespiration becomes slou and 
deep The ej ehalls are fixed centially, the pupils are contracted to the 
size of a point Changes in (he blood ciiculation are not pronounced 
Analgesia is complete and musciilai relaxation is adequate The 
desired anaesthesia is maintained by inhalation of nitrous oxide 
and oxygen (2 1) and 0 006-0 008 1/1 (0 6-0 8 pei cent v/v) halo- 

thane If clinical signs of inadequate analgesia develop, the re- 
maining 1/3 total piomcdol dose should be injected intravenously 
in 50-60 minutes aftci the initial injection The halothane supply 
should be di'-continued 20-30 minutes before the end of the opera- 
tion The supply of nitrou'^ oxide should be stopped when placing 
shin ligatures The rccoxeij' from the anaesthetic sleep is long 
Children remain inhibited foi 30-40 minutes 


Nitrous Oxide and Pentazocine Anaesthesia 

Atropine and preferably diazepam should be used for premedica- 
tion The child is fust given puie oxygen to breathe for 1-2 minutes 
(6 1/min) and then nitrous oxide is added to adjust the nitrous oxide 
to oxygen ratio at 2 1 In 5-7 minutes diazepam is injected in- 
travenously (0 3-0 5 mg/kg) The mam dose of T 

jected slowly into the vein xvilhin 40-60 seconds (immediat y 
after injection of diazepam) The mam analgesic dose ® 

the weight and age of the child 3-2 5 mg/kg for infants ^’'om 1 to 
2 years of age, 1 5-2 mg/kg for children from o to 6, and 1 2-1 5 ing/I g 

for children from 7 to 14 maw 

If pentazocine is injected rapidly, spontaneous r P , , 
be inhibited to complete cessation and artificial 
ventilation may be required An isotonic sodium dilute 

or a 10 per cent glucose solution should th^efore e ^ „ /jjj _ 

pentazocine (1 1) before administration The the 

I I 2 ) IS attained in 2-3 minutes after injection of 
siege IS characterized by moderate effect of a. 

Spontaneous respiration is not inhibited The an g 

dose of pentazocine lasts for 40-50 S 

should be maintained by inhalation of f tj^e analgesm 

I) and by repeated intravenous admmistra penta- 

35-40-minite intervals (V, or V. of initial dose) Jbe/ast penta_ 

zocine dose should be administered oxide delivery 

the operation The recovery is rapid ^1^ ^ xhe- 

b he stopped immediately after the op oxvnen 
'^hild recovers m 2-3 minutes after breathing pure oxygen 
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ETIIRANE AND NITROUS OXIDE ANAESTHESIA 

Atropine should obligatory be used for premedication The child 
should first be given oxygen to bieathe for 1-2 minutes and then 
nitrous oxide is added to oxygen in the ratio of 2 1 Ethrane is 

udded to the mixture in 1-2 minutes and its concentration is grad- 
ually increased Anaesthesia is induced with ethrane concentration 
of 0 025-0 03 1/1 (2 5-3 per cent v/v) The surgical stage of ethrane 
anaesthesia is attained in 6-10 minutes from the start of induction 
anaesthesia The surgical stage is maintained by inhalation of the 
gas mixture containing 0 02-0 025 1/1 (2-2 5 per cent v/v) ethrane 
and nitrous oxide and oxygen (2 1) The supply of ethrane and 

nitrous oxide should be discontinued when skin ligatures are placed 
The child recovers in 5-7 minutes after discontinuation of the anaes- 
thetic supply 


ATARALGESIA 

Ataralgesia is attained by the combined use of sedatives, tran- 
quilizers (ataractics) and analgesics Consciousness is inhibited 
completely (with combined use of the above-mentioned agents) with 
small doses of hypnotics (usually nitrous oxide) Diazepam is the 
most popular ataractic, while pentazocine, phentanyl, dipidolor, 
and some other preparations are used as analgesics 

Premedication includes intramuscular administration of atropine 
and diazepam (the doses depend on age) Nitrous oxide is added to 
oxygen after the patient breathes pure oxygen for 1-2 minutes Vene- 
puncture and catheterization of the vein should be conducted with 
inhalation of nitrous oxide and oxygen (3 1) Diazepam is then 

m]ected intravenously in a dose of 0 3-0 5 mg/kg The preparation 
is first diluted to 10-20 ml with isotonic sodium chloride solution 
and then in]ected within 1-2 minutes The effect is immediate the 
•eyes move involuntarily or the gaze becomes fixed The patient 
turns sleepy and inhibited (ataraxia) The respiration slows down, 
the arterial pressure decreases by 10 mm Hg The pulse does not 
p)ractically change The child soon falls asleep The excitation per- 
iod IS practically absent The clinical couise of induction anaes- 
thesia with ataralgesia is similar to the clinic of neuroleptanal- 
gesia, except that the respiration and blood circulation are less affect- 
■ed The analgesic is administered intravenously immediately after 
loss of consciousness The surgical stage is attained in 1-2 minutes 
-after the administration of the analgesic The surgical stage is 
anaintained by inhalation of nitrous oxide and oxygen (2 1) and 

by repeated administrations of the analgesic 

^he necessity of repeated injections of diazepam arises only when 
' fie operation continues longer than for two hours A dose of 0 2- 
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0 3 mg/kg would usually be sufficient in such cases The recovery 
period IS rather short The supply of nitrous oxide is discontinued dur- 
ing placing skin ligatures The child recovers in 5-10 minutes after 
suspension of nitrous oxide inhalation 


Chapter 10 

Multi- component Endotracheal Anaesthesia 

INDICATIONS FOR ENDOTRACHEAL ANAESTHESIA 

There are absolute and relative indications for endotracheal anaes- 
thesia in children 

Absolute indications 

1 — operative surgery on the thoracic organs, 

2 — operative surgery on the upper abdominal organs, 

3 — neurosurgical operations and plastic surgery in the mouth, 

4 — operative surgery on patients in physiologically inconvenient 
postures (prone position, on the side, and the like) during which 
lung ventilation becomes inadequate, 

5 — urgent surgical operations on the abdominal organs in neonates 

Relative indications 

1— -prolonged surgical operations (lasting over 2 hours), 

2 — short operations on the face and neck during which ere is 
a danger of obstruction of the airways, 

3— urgent surgical operations (prevention of aspiration o 
stomach contents) 


TRACHEAL INTUBATION 

Direct laryngoscopy is commonly used in 
practice for intubation of the trachea The 

for children differs from that for adults some details Two metii- 

are mainly used for intubation of children 

method (through the mouth) and the nasotracheal on ( 

oose) Laryngoscopy and intubation are usually conducted during 

^pnoea caused by muscle relaxants nvpr a 

Orotracheal intubation The head of the child is placed o 

Jj-og made of cotton wool and gauze or over a P . pL^pital 

thick) and deflexed to the maximum extent m the a P 

lonction In some cases the head is only slight y p shoulders 
s then slightly raised by the right hand (put un ijy^ghead 

and the neck of the child), while the left hand f S mandible 

ack The lips of the child are now separated 

pulled upwards The laryngoscope should be held U 
^aft hand and the blade introduced into the mouth, the tongue neing 
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pulled upwards and slightly to the left (Plate 3) A straight blade 
should be used with children, but a curved one can also be used 


provided the operator has experience with using this instrument 
As soon as the blade rests against the wall of the oropharynx the 
round entrance to the oesophagus becomes obvious The laryngo- 
scope IS now slightly pulled back and the epiglottis (a dark-pink 
structure) becomes visible, in children it is more horizontal than 
in adults When the epiglottis is pressed upwards, the entrance to 
the vocal slit opens If the laryngoscope is passed into the mouth slow- 
ly, first the uvula and then the epiglottis can be seen If a straight 
blade is used, the free edge of the epiglottis is pressed upwards The 
curved blade of the laryngoscope is first brought to the epiglottis 
base and the epiglottis is then moved upwards The entrance to the 
larynx appears as a narrow vertical slit The movement of the left 


hand during laryngoscopy should be directed upwards and from 
the operator, as if raising the child’s head As soon as the vocal slit is 
seen in the vision field, the endotracheal tube should be passed into 
the slit to the depth of 1 5-2 cm In order to keep a constant vision 
of the vocal slit, the assistant should press slightly the laryngeal wall 
with his fingers If intubation is conducted without anaesthesia, or 
with anaesthesia but without muscle relaxants, the vocal cords close 
and open during inhalation and exhalation If the child is medicated 
with muscle relaxants, the vocal slit is open The endotracheal tube 
is passed into the trachea not by the blade groove but at an angle 
to the blade After the tube has passed into the trachea, it is held 
in place (at the lips of the child) by the fingers and the free end of the 
tube IS connected to the apparatus for anaesthesia The anaesthesio- 
iogist cotnpresses the bag of the apparatus by the other hand to con- 
duct artificial ventilation of the lungs 

The correct position of the tube m the trachea is manifested by 
excursions of both sides of the chest, checked by auscultation 
ot both lungs (uniform air passage) and by the appearance of the 
Child (pink lips, ear lobes and finger tips) Once the tube has been 
inserted correctly, it is fixed to the patient’s face with two adhes- 
lye tapes During the time when correctness of the tube position and 
Its last securing is checked, the anaesthesiologist holds the tube 
^ because even an insignificant displacement 

e u e can change its position the tube may enter the right bron- 
inouth cavity If the tube is moved too far to enter 
side of the chest is not involved in the 
ory ac (or lags in its movements) When the air bag is pressed, 
fio 8nce IS quite obvious, the child becomes restless, and 

nfmfin ^ moderate cyanosis and pallor If the tube end is in the 
fifir wbf oesophagus, the air bag is easy to compress and a spe- 

tbP f mixture passes into 

the mouth, the stomach may inflate appreciably The optimum length 
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^asal^intubat^^^')^ guidance of the tube by finger (a) and using laryngoscope 

fa emerging from the mouth is 3-4 cm Intubation of in- 

25^) without a laryngoscope, using a finger only 

^ Nasotracheal intubation It is used in the presence of tumour or 
^ mouth and also m all cases where the endotracheal 

tub^ mouth interferes with the surgeon’s manipulations The 

e should be oiled with a lubricant containing hormones and 
passed with anaesthesia through a wider nostril into the pharyngeal 
^ laryngoscope to control manipulations, the tube end 
alien by the Magill forceps in the pharynx and directed through 
e vocal slit into the trachea (Fig 25&) For convenience it is re- 
mmended to hold tube with the forceps at a distance of 1-1 5 cm 
An ordinary curved tube without inflatable cuff is 
onA nasotracheal intubation It is fixed m place so that its free 
protrudes from the nose to a distance of 2-3 cm 


USING MUSCLE RELAXANTS 
IN MULTI-COMPONENT 
ANAESTHESIA 


niain principles of using muscle relaxants are as follows 
2 relaxants can be used only in sleeping children 

, I Muscle relaxants can be used only with simultaneous artifi- 
ung ventilation, because alveolar hypoxia develops even from 
doses that do not inhibit appreciably spontaneous res- 
!Dn external respiration should be compensated until 

breathing is completely restored 

V b Muscle relaxants ensure only relaxation of the muscles and part- 
yporeflexia All other components of anaesthesia, such as inhibi- 
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lion of con'-cioiisncfcs, inniiilfii.'UK (* of ndr'fjti.'itf* r blood 
cirailatioj), nnd nietaholi^-iii. 'should 1)0 .itl.miod It’ otlirr nir,!!i^ of 
modem an.ic’^llicsin Thoir u'-o i* o\oii ol)liiMloj\ ’iruo imi'-i lo rfla\- 
anls ma‘'k madcqti.iric’^ of aiiao’-iho’-ia 

The adNaiilagos of m\iUi-com])ouom ana< ’-ihf ' la v.tlli mo fh 
iclavanls aie a-- follow’' 

a-_oplimnm ( oiiditioio; nio piOMdod fni arlifuml limp Noolila- 
lion, wliuh 1 ’' ("'pcM iall\ impoitant for opt jatioii’- <itl(ndod b^ dmor- 
dcis in exloinal jcvpiialion (opdaUon*- on thorat u oipan*-). 

\) — iiie foMC effeot of narcotim on tho bod> i‘' dimuu’-hcd dn(‘ to 
ilien smaller total do'-o’' 'J'lie !(“' are rcla’od b) the mii''f lo 
relaxants, 

c — the ainvays remain unob''lrntled in anx jiO‘'ition of the pa- 
tient, the poS‘'ihilit> of asiihjMn duo tolonpm- rotrartion or a’-pira- 
tion of vomitu’- oi blood d tlui’' ovchulod , the condition’' for tonslanl 
removal of the tiacheal contents aie pioxided, 

d — the condilion‘5 foi pas oxchanpe are iinproxid due to dimin- 
ished dead space, 

e — pressure supply of anaesthetic gas ensures ma\imum ‘•atura- 
tion of tho body with owgcn and expansion of the lungs 
Anaestheno with depolarizing muscle rclnjant'^ Nowadajs depolar- 
izing muscle relaxants arc used in cluldron for tho following indi- 
cations 1— for intubation of tho trachea (hionchi), 2— for hroncho- 
and oesophagoscopic examinations with anaesthesia, o— for anaesthe- 
sia lasting for less than 30 minutes xxith artificial lung xentilation, 
4 — for lengthy operations in children with renal failure 

Atropine is an ohligatorx’ premedication component, while other 
medicines are used for special indications Anaesthesia can he induced 
with any anaesthetic, the choice depending on the initial condi- 
tion of the child As soon as the patient is asleep, depolarizing muscle 
relaxants are injected intraxenously (Ixslhenon, mjt o-relaxin, 
2-3 mg/kg) Depolarizing muscle relaxants cause random contrac- 
tions of the skeletal muscles (fibrillation) During thm period m 
connection with inhibited spontaneous respiration inhalation of anaes- 
thetics IS halved and assisted lung ventilation conducted If spon- 
taneous respiration is an ested, the anaesthetic supph IS discon- 
tinued and the lungs are x’entilated artificiallv x\ ith oxxgen which is 
given by mask of the anaesthesia apparatus (modciatc hyperx enti- 
lation) The trachea should be intubated only after complete ces- 
sation of fibrillation, because intubation can otherwise be inefiective 
or injurious After intubation of the trachea has been perfoimed (xvilh 
relaxation of muscle®), the child is given the anaesthetic mixture to 
breathe through artificial lung xmntilation apparatus Muscles 
remain relaxed due to repeated administration of fractional doses of 
the relaxant at 5-7 -minute intervals The majority of children devel- 
op moderate bradycardia, which lasts for 15 — 60 seconds, after 
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each administration of the iela\ant The arterial pressure some- 
times falls Prolonged apnoea does not always indicate the efficacy of 
muscle relaxation because tlie apnoea in children is often the re- 
sult of hyperventilation of tlie lungs, while the muscle tone restores 
to interfere Avitli surgeon’s manipulations If means of objective 
control of artificial myoplegia are not available, muscle relaxants 
should be administered when signs of muscular tone reappear In 
prolonged operatnm interventions, the relaxants should be admin- 
istered at greater intervals The last dose of the relaxant should be ad- 


ministered 20-30 minutes before the end of the operation 

Depolarizing muscle relaxants can bo used piactically with all 
anaesthetics The overall dose of muscle relaxants should be dimin- 
ished with halothane anaesthesia and their administration should 
he done at greater intervals, because halothane inhibits spontaneous 
respiration and prolongs apnoea 

Anaesthesia with non-depolarizing muscle relaxants Non-depolariz- 
ing relaxants are used during operations lasting more than 60-90 min- 
utes The preparations of this gioup are used to maintain myoplegia 
during operation One dose is effective for 30-40 minutes These prep- 
arations ensure stable and lengthy relaxation of the muscles The 
juitial dose of d-tubocurarine chloride for children is 0 2-0 3 mg/kg 
bince the preparation has cumulative properties, each next dose 
should be smaller Clinical indications for repeated administra- 
«on of non-depolarizing muscle relaxants are the following 

I Increased resistance to inhalation (assessed by resistance to 
compression of the air bag) 

* Development of muscular strain in the abdominal wall 

3 Development of spontaneous respiration after cessation of arti- 
hcial lung ventilation 

^ Development of the coughing reflex to the introduction ot an 
endotracheal tube 

5 Convulsive movements of the diaphragm characteristic of hiccup. 

u Movements of the limbs __ 

‘ Reappearance of potential on an electromyogram (to oU per 
cent of the initial magnitude) 

the combined use of non-depolarizing relaxants with variom 
Anaesthetics is characterized by some special features When used 
together with ether, effectiveness of some relaxants inCTeases It 
n ds to a lesser degree for halothane and cyclopropane re ax 
uts of this group can decrease arterial pressure by 10-20 mm g 
And they should therefore he used especially carefully in children 
^ith hypotension, during halothane anaesthesia, and in neurolept- 

Anaesthesia with depolarizing and non-depolarizing relaxants An 
oWigatory component of premedication is atropine Anaesthesia 
® induced by any inhalation or non-mhalation anaesthetics After 
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the pnlienl is a^lcop, dopnl.iri7m" rnti’-f If rfl<i'.nii' should hf .>d- 
minislcred (Iv^Uienon, inj o-rol.iMii, 2-> io mii-- 

cular fibrillalion in ( luldren ‘^rnall do-f^- of non-df polari/ui" rf lasant'- 
(1-3 mg of tubanne) ‘-hould be givfMi If ‘■pontanfoiiH rf pirntion i'- 
arrosled, hypers onlilalion witli o\>g(n i‘- ret oinmcndfd for a -hort 
time If mu‘-ole‘- aio lelaxed faflfr ro'-nlion of fibnllaliori). tfif tra- 
chea of tlio child ■'hould be inlubatfd and .irliticial lung sfutiia- 


tion svitli the anaesLlielic mi\liirf is tondiuled The depth of aii.if«- 
Ihesia 'should correspond to stage III,, i o tin pifiont must sleep and 
•analgesia must be adequate in a-S rmnules after rcappearame of 
■Signs of muscular lone, non-depolnri/ing muscle ndaxant (tubanne. 
*0 2-0 3 mg/kg) should be administered inlra\enousl\ A dose of tubar- 
ine remains effective for dO-lO inmutC'' Muscle-, should be maintained 
relaxed by fractional admini‘=tiation of tubanne, v, hose each ne' t 
dose should be diminisbed bv h'j \t the end of operation, the dose 
of the relaxant should be so calculated as to pro\ ide condition‘d for 
restoration of spontaneous ro'^piration The last tubanne dose ‘•houid 
therefore be admini‘=tered 40-50 minute*- before the end of the op- 
■eration Anaesthesia should preferably be dcepeiieil rather than the 
non-depolarizing relaxant^ admini'-tered Depolarizing relaxnnts 
can be used after the administration of non-depolnri 7 ing muscle 
lelaxants Depolarizing relaxants luav be adminislorcd onlv after 
the action of non-depolarizing relaxants has terminated, vhich is 
manifested by the reappearance of deep spontaneous respiration and 
muscumr ^rain The anao'dthesiologi*-! should however remember 
tiat the effect of the relaxants mav be por\ cried (inadequate, or 
■on the contrary, excessive myoplegia) 

Use of muscle relasranis without tracheal intubation Muscle relax- 
an s can be used without tracheal intubation, as a component of 
the general multi-component anaesthesia It broadens the anaes- 
esio ogical possibilities and facilitates the control of anaesthesia 
ep 1 and muscle relaxation Fractional intravenous adrainistra- 
lonot small doses of relaxants ensures more effective relaxation 
ot muscles, immobilization of the child under shallow anaesthesia, 
an quick y arrests coughing and larvngospasm Succinvdcholino 
preparations which have the lowest cncrlia of their action, are 

compouents of general anaesthesia without 
uaosthesia is effected by intravenous administra- 
tion of barbiturates or by inhalation of nitrous oxide with halothane 
■and oxygen Succinylcholine is used in a dose of 0 5-1 2 mtr/kg The 
should first be tried, and if they prove ineffective, 
Inna -^p When spontaneous respiration is inhibited, 

Inn? assisted In cases of apnoea, artificial 

ung ventilation should be given through the mask 

relaxants without tracheal in- 
indicated for short surgical operations and mam- 
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pulalions requiring adequate muscle relavalion (repositioning of 
bone fractures, correction of ]omt dislocation, etc ) Using muscle 
rela\ants -without intubation requires very high skill on the part of 
the anaesthesiologist 

Control of child's condition after administration of muscle relaxants 
Tins IS based on the determination of depth of anaesthesia and the 
degree of muscle relaxation The visual assessment of the clinical 


couise of multi-component anaesthesia ivitli muscle relaxants is very 
difficult because the main sign, characterizing the depth of anaesthe- 
sia m children (character of spontaneous respiration), is absent 
At the same time, multi-component anaesthesia with muscle relax- 
aats IS not characterized by the classical picture of the one-component 
anaesthesia Two stages of anaesthesia, shallow and deep, are there- 
fore differentiated in multi-component anaesthesia today 
Shallow anaesthesia is clinracterized by the reaction of the pupils 
to light and lacrimation After discontinuation of action of muscle 
relaxants, the clinical picture becomes similar to that of the one- 
component anaesthesia, in other words, the specific stages can be 
distinguished in the pupillary redexos, reactions to pain, etc Exces- 
sive sweating and tachycardia, increased arterial pressure, 
sive lacrimation, motor reactions to pain indicate insufficient depth 
®f anaesthesia 

Deep anaesthesia is characterized by, the absence of pupillary re- 
action to light and other stimuli, upset blood circulation, and de- 
pressed vegetative nervous system The determination of concentra- 
tion of anaesthetics in the inhaled gas mixture and electroencephaio- 
Srapluc findings are very important for the assessment of the anaes 
thesia depth , , 

In addition to assessment of anaesthesia depth, efficacy o muse e 
relaxants (myoplegia) should also be determined But the ® 
aation of relaxation of the skeletal muscles is difficult beeau 
relaxants are always used together with anaesthetics, wiic c 
certain myoplegic effect themselves, their effect is sufficzen ° ™ 
he true effect of muscle relaxants 'Myoplegia can be assesse y 
Oral methods ' ■ 

c^r} ?®^Patory and visual determination of eo 

ae of the most effective methods It is mostly used by Tjpefo- 
^vho assesses the tone of the anterior abdominal wall irm® visnallv 

ation of the muscular tone after an operation is determ 
and by palpation affpct nf 

2 Respiratory method This method of determining 
uscle relaxants is not reliable and cannot he re various 

ide use, because muscle relaxants have different e j-ffp-tod b-v 
groups of muscles and the respiratory function can . g or 

®eni6 other factors of anaesthesia (hyperventilation, ana 
^^Igesics, broad-spectrum antibiotics, otc ) 

1 0—01222 
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'i Dcleiniiniug coiiconliiitioii of imiM !»• lol.i' iti thf bloito 
Thcic aio biological, clunmcal, spot tioffinpliu , aiul p»t!, top,r.ip!iic 
methods for tlio dclornunntinn of niu‘-clc iclaxauls in tfio bfo xl hot 
IhcY *110 lalbei laboin ‘Consuming and .iie not idols mf'd 

d lilcctiopliy^iolomral dotoi nim.ition of offcit ofnnnfhnho- 
anls (nnoginpliY) Mnsclo tidasanl"^ udas tin' nin^^i h*- Ihrongh Ihmr 
eflect on the n('inomn‘-cnlar «>n.ij)‘-r' 'J In-ir ff)r(' msoYr.ifdiir dr- 
teiminadon of tlic functional condition and ( oiiduction of the nonro- 
mubculai s>nap'=e give^ lolialde inforinalion on eflu a< \ of inuM'k 
rcla\anl«' 

Cessation of anaesthesia and recoseis of the iialtenl an the ino-l 
important periods of multi-component nnae'-lije'.i.i vilh mu‘-ch‘ re- 
lasants It is important that the patient ssal e^- up as --oon pfx- 
sible aftei termination of the operation, ssliile the analgc^n cftcct 
should last to complete iccos'ors and dining the earls povi-opcrotive 
period It IS desirable that the child ssakes up and regaim his re'pi- 
ratory function and protectisc refleso'- on the ojierating talile 

The peiiod of lecoserY from anaesihC'ia ssith mun Ic relax. uits is 
chaiactcri/cd by some special features 'J'be absence of the clinical 
pictuie of lespiialorv insufficiency and also the sahu'- of PO,, 
pll and PCOo aio the signs of adequacs of spontaneous le^ptralioii 
Despite the decreased doses and linicls .idmiriistrntiou of Ibc hi'-t 
dose of tlie muscle relaxant, sponlancous respiration in i bildrcn i'^ 
often restored sloss'ly This is one of the mo*-! frequent side-effects of 
muscle relaxanls Tliere exist many reasons of s!o^^ restoration of 
spontaneous respiration aflei operations, mu'^clc relaxanls are not 
ahvays the main cause of this dclax The most frequent causes arc as 
follows 

1 llypeiventilation during artificial respiration causing lixpocap- 
nia The action of the respiratory centre is loslorod slow lx if the PCO? 
of blood IS xmry low 

2 Upset acid-base balance This factor is ospocinll> important 
when depolarizing muscle relaxanls are used The ncid-basc imbal- 
ance during anaesthesia is usually cliaraclcrizod by metabolic acidosis. 
Depolarizing muscle relaxanls are slox\or hydrolysed in an acid me- 
dium and their action therefore lasts foi longer time Tlio excretory 
function of the kidneys is also decreased in metabolic acidosis This 
IS another factor slownng dow'n tlio restoration of the respiratory func 
tion after operation 

3 Effect of anaesthetics or other preparations on the neuromuscu- 
lar conduction This mostly holds for inhalation and non-inhalalion 
anaesthetics, xvhich are used together xvith muscle relaxanls The 
neuromuscular block deepens if broad-spectrum antibiotics, anal- 
gesics, procaine, and similar medicines aie used 

4 Overdosage or excessive accumulation of muscle lelaxanls in 
the body This is a less frequent cause, which should liowexer he al- 
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^\a^s remembered ONerclosage of muscle rela\anls is manifested by 
a complete nb«cncc of the mii‘'cular tone and spontaneous respira- 
tion. and b> coinplole or partial block of the neuromuscular synapse 
as recorded on an EMG 

Dcct/rancation Pioserine (neostigmine, prostigmine) is used as an 
antidote to non-dopolan/ing muscle rclaxanls Neostigmine lessens 
the effect of muscle relaxants bv inhibiting cliolinesteiaso (as a re- 
''ull of which ncot\ Icholine accumulates and displaces lelaxants 
from the receptors) and In the direct slicnglhoning of the neuromus- 
eiilar condiiclion Antidotes to muscle rclaxanls are indicated for 
respirator\ distress and 1oa\ musculai tone in the end of the opera- 
tion If a child 1'' able to rano Im bead or clamp liis fist, the muscu- 
lar lone IS considered snfricieiit Prosciine can be used as an antidote 
in prolonged rospirator\ distress and the changed cliaiactei of block 
caused by dlacot^ Ichohno Tlim condition is manifested clinically 
bv a delajed restoration (20-40 minutes) of spontaneous respiration 

Mclhodoloi'i/ of wntif^ pro'^crine Atropine is fust administered in- 
tra\enously jn a dose of 0 5-1 mg The atropine premedication is 
obligatory to remo\c the vagotonic effect of proserine The pulse rate 
’’liould accur.itolv bo ob=or\ed for2-2^/2 minutes, and then proseri- 
ne IV sIowIn (w'ltliin 20-30 s) injected into the vein in a dose of 1- 
1 5 mg {2-S ml of a 0 05 per cent solution) If the first dose produces 
no effect in 2-3 minutov, Die injection can bo repeated The effect oi 
proserine is manifested bv dc^clopment of elements of spontaneous 

respiration , r i, 

The antidotes do not exclude a Ihorongh control of the child s 
condition, mainlv bis lespiralorv function In 30-40 minutes, when 
the proserine effect discontinues (while the concentration of relaxants 
in the blood is still high), the muscles can relax again (recurariza- 
tion) Galanlhamine is also used in children 


SCIIDMCS rOR MULTI-COMPONENT ENDOTRACHEAL 
ANAESTHESIA IN CHILDREN 

Anaesthesia xvilh Barbiturates, Nitrous Oxide, 
and Muscle Relaxants 

Atropine premedication is obligatory Other 
Components should he used for special indications VntnratP, 
should be induced by intravenous administration of a ^barbiturate 

(1 per cent hexcnal or thiopental sodium solution) The rac 

he intubated after administiation of depolarizing relaxants (^ysth- 

enon, myo-relaxin) in a dose of 2-3 mg/kg (m the presence of com- 

Pl»te roloxation of tl.e noscles) Tho oluld is then 
lung x’^entilation with a mixture of nitrous oyde and cxyg 
oxide IS supplied at a rale of 2-3 1/min and oxygen m ( 


in* 
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3 1) A semi-closed system should be used The absorbers should 
obligatory he incorporated into the system If a child is asthenic, the 
concentration of nitrous oxide may be decreased to 50 per cent This 
concentration is insufficient for strong children and arterial pressure 
in them rises during operation along with acceleration of the pulse 
rate, when the action of muscle reiaxants is o\er, the extremities 
begin moving Anaesthesia should then be deepened by increasing 
the concentration of nitrous oxide or by intravenous administration 
of 1 5-2 ml of a 1 per cent promedol solution 
Fractional administration of depolarizing relaxants should be 
begun immediately after the appearance of shallow spontaneous res- 
piration through the tracheal tube or if a reaction to the endotra- 
cheal tube appears Depolarizing relaxants are usually administered 
during the first half of the operation at 6-8-minute intervals (the 
same dose as the initial) During the second half of the operation the 
effect of the relaxants increases and the dose can therefore be dimin- 
ished, w^hile the intervals between subsequent injections increased 
The last dose of the muscle relaxant should be injected 15-20 
minutes before the end of the operation Spontaneous respiration is 
completely restored in 8-12 minutes after the last injection, pro\ ided 
the preparation has a common effect on the patient 

Anaesthesia with Halothane, Nitrous Oxide, 
and Muscle Relaxants 

Atropine and promedol should be used for premedication, while 
other preparations should be used for special indications The child 
is fast given pure oxygen to breathe for 1-2 minutes Then nitrous 
oxide is added to the breathing mixture (2 1), and finally halothane, 
whose concentration is gradually increased from 0 005 1/1 (0 5 per 
cent v/v) to 0 02-0 025 1/1 (2 0-2 5 per cent v/v) As soon as the pa- 
tient IS asleep, depolarizing muscle relaxants (lysthenon or myo-re- 
laxin) are injected in a dose of 2-3 mg/kg, with subsequent tracheal 
intubation Then the lungs are ventilated artificially wuth the gas 
mixture in which the mtrous oxide concentration is decreased to 50 
per ceut The concentration of halothane is decreased to 0 01- 
0 015 1/1 (1 0-1 5 per cent v/v) 

Depending on the extent of the operative intervention and the 
time of operation, the desired level of muscular relaxation should be 
maintained by fractional injections of both depolarizing and non- 
depolarizing relaxants If the operation is long and the operative 
injury is significant, the non-depolarizing relaxant tubanne should 

variations in the arterial pressure during 
nalothane inhalation are insignificant If the depolarization relax- 
ant w'as used for intubation of the trachea, no repeated injections 
0 the preparation are required (after discontinuation of its action). 
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If Ihc palient loacts to the liaclieal tube, anaesthesia should be 
licepened foi a siioil tunc After spontaneous respiration is restored, 
lubarine should be administered intravenously in a dose of 0 2- 
Od ing/hg: riim situation usuallv occuis in 5-8 minutes after the 
first administration of the dopolaii7ing lelaxant The action of tuba- 
riiio lasts for 30-40 minutes During operation lelaxation is main- 
tained b\ fiaclional administration of tubaiine, each time decreasing 
the dose 1)\ V j The analgesic effect of halothane is insignificant and 
It IS dcsiiable that small doses of analgesics (20-30 mg of promedol) 
should be administored during opeiation’s most dramatic stages The 
last tubarinc do^o should be administeicd 30-45 minutes before the 
end of the operation so that spontaneous respiration might be re- 
''tored by the end of opeiation The halothane supply should be discon- 
tinued 3-0 minutes before terminating the operation, while nitrous 
oMde should be excluded from the breathing mixture during suturing 
the ^\ound Pioseiiiic should bo administered to children in whom 
lespiralioii is not efficient during the post-operative period 


Anaesthesia %\ith Ethrane, Nitrous Oxide, 
and Muscle Relaxants 

'Vn ohligatoiv component of premedication is atropine, while 
other components depend on the child’s condition The patient is 
gl^on pure oxygen to bicathe for 1-2 minutes before anaesthesia 
Induction into anaesthesia begins x\ith inhalation of nitrous oxide 
and oxygen (2 1), and ethrane is added to the breathing mixture 
from a special vapoiizer located outside the circulation system The 
ethrane concentration should be gradually increased to 0 02-0 025 1/1 
(2-2 5 per cent xVv) As soon as the patient is asleep, depolarizing 
relaxants are injected inliaxmnously in ordinary doses and the tra- 
chea m intubated The lungs aie ventilated artificially xvith a mixture 
of gases in x\hich the concentration of ethrane decreases to 0 01- 
0 015 1/1 (1-1 5 per cent v/x'), xvhile the nitrous oxide to oxygen ratio 
IS set at 2 1 oi 1 1 Narcotic analgesics (20-30 mg of promedol) 
should be administered during the operation’s most dramatic periods 
Relaxation of muscles during the operation is maintained by intra- 
■'’enous fractional administiation of either depolarizing relaxants 
(in short operations and minor manipulations) or non-depolarizing 
relaxants (in piolonged and injurious operations) Ihe action ot re- 
laxants of both types is about the same The last dose of depolariz- 
ing relaxants should be administered 15-20, and of mm-depolarizing 
relaxants 30-45, minutes before the end of operation The concentra- 
t-ion of ethrane in the breathing mixture should be decreased only 
^vhen wound suturing is started The supply of nitrous oxide shou d 
be discontinued only after termination of operation Analgesics shou d 
be administered to the child when he is still on the operating table 
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Anaesthesia ■with Ketamine, Nitrous Oxide, 
and I\Iuscle Relaxants 

Atropine is an obligatory component of premedication, uhile 
diazepam should he given for special indications Initial and basal 
anaesthesia are induced bj a single intravenous or intramuscular 
injection of ketamine with inhalation of nitrous oxide and oxygen 
in the 2 1 ratio The main dose of the anaesthetic is 2-3 mg/kg for 
intravenous and 6-12 mg/kg for intramuscular injections, depending 
on the age of the child (the doses are the same as in multi-component 
anaesthesia with nitrous oxide without tracheal intubation) The 
trachea is intubated at the height of action of the main ketamine 
dose after intravenous injection of depolarizing muscle relaxants (de- 
pending on weight) The surgical stage of anaesthesia is maintained 
by repeated injections of Vo or V4 of the initial dose Both depolar- 
izing and non-depolarizing muscle relaxants can be used, depending 
on the extent of operative injury and the time of operation. The lungs 
are ventilated artificially during endotracheal anaesthesia either at 
a normal rate or with a moderate hyperventilation (with control of 
the acid-hase balance), the nitrous oxide to oxygen ratio being 2 1. 

anaesthetic should be injected intravenously 
lo-20, and intramuscularlj' 40-50, minutes before the end of opera- 
Anaesthesia ends with inhalation of nitrous oxide and oxygen 
u hen the wound is sutured, nitrous oxide supply should be discon- 
tmued and oxygen alone is used to ventilate the lungs till the moment 
of extubation Adequate spontaneous respiration is usuallv restored 
by the end of operative intervention The tracheal tube should be re- 
moved during the first minutes after spontaneous respiration is com- 
p ete y restored, because the laryngeal, pharyngeal and coughing 
reflexes are rapidly revived with this type of anaesthesia 

11 necessary, the patient is decurarized by common doses of anti- 
cholinesterase preparations (proserine) 


Anaesthesia with Central Analgesics and Muscle Relaxants 

Promedol analgesic anaesthesia Anaesthesia during operation is 
mainly maintained by promedol injections Anaesthesia is induced 
by inhalation of nitrous oxide and oxygen (2 1) or bv intravenous 
injections of sodium oxybate (100-120 mg/kg) When“ consciousness 
^3 the initial promedol dose is injected intra- 
venously. (The mam dose of promedol is 3 5-4 mg/kg ) A narcotic sleep 

following the injection Respiration 
beco^mes slow and deep The respiratory function is usually inhibited 
lute cessation) in 30-40 seconds Depolarizing muscle relax- 

n T” ^^kg) are then injected intravenouslv No muscular 
fibrillation is observed before tracheal intubation The eyeballs are 
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fixed ccntrallx . iho pupils contract lapidly to the size of a P<^nt, and 
tlioir lespon^e to light is naccid, the corneal reflex vanishes The 
IS div and xxarm, its colour is pale pinh The lungs are xentilated ar- 
tihciallv x\ 111 ) nitrous oxide and o.xxgon m the ratio of 2 1 the ven- 
tilation I ale is cither noimal or slightly increased Efficacy o ung 
xentilalion is assessed h\ xisual control and by determining the 
acid-haco balance Muscle iclaxation during operation is 
h\ fractional intraxcnous injections of tubarine in the coiresponding 

If sitrns of insnfficionth deep anaesthesia appeal 
motor rtmction), V, of the total promedol dose sjiould be a^min s- 

tered ,h.r,n,i li« most admUstat.on 

becomes necessarx in GO-flO minutes alter tne . 

of the analgesic In the end of operation 

inhibited and artificial lung xenlilation xvith an ® ^ ^ j ^ 

(2 1) should therefore he continued to complete restoration of ad 

;“.od .n .arc cases because of the daugec 

Anaoslhosia is induced by m i 5 ^er cent vfv). 

<2 1) and halothane m a dose of 0 01-0 015 /I (1-1 5 per ceMj/v). 

After the patient is asleep, The trachea is intu- 

% of total dop (the total dose IS 1-1 5^ 

bated after relaxation of the muscies t 4 i,n^vnie fO 3 me/kg). 

Relaxation during operation is attained by 
The lungs are xcntilated during anaesthes 

oxide and oxygen (2 1) and halothane in a dose o 0 ^ JO 

<0 4-0 5 per cent v/v) The afSr tl? 

IS injected intravenously ntmear First signs of 

ed if clinical signs of after the anaesthet- 

recox enng senses appear in ^ to t[ie tracheal tube) 

Xs stfasL re stopped, spontaneous res- 

penU.oc.^e /rnSes-f tfSS 

are obligatory components ->£ ?Cratio of 2 1 (for 

by inhalation of nitrous ovide and ° ^ g dose of 0 3- 

5-7 minutes) Diarepam is ,„\,aTCnously,^immediately after 

0 5 mg/kg, “ gTmg/kg, depending on age (the dose is 

diazepam, in a dose oi i ^ ^ ing/ ^ xu nitrous oxide xvith- 

the same as in f injection ensures an adequate 

out muscle relaxants) A , Jaximum effect of the main 

analgesic effect for 40-50 minutes Depolarizing muscle re- 

analgesic dose is attained m The lungs 

laxants are then administered and the traciiea mtu 
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are ventilated artificially with nitrous oxide-oxygen mixture (2 1 ) 
Relaxation during operation is maintained by fractional administra- 
tions of depolarizing or non-depolanzing muscle relaxants If cli- 
nical signs of insufficient anaesthesia develop in 40-50 minutes after 
the first pentazocine administration, V 2 or V 4 of the main pentazo- 
cine dose (depending on anticipated length of operation) should be in- 
jected to maintain anaesthesia The last dose of the analgesic should 
be administered 40-50 minutes before the end of operation Inhala- 
tion of nitrous oxide and oxygen continues till the moment when skin 
sutures are placed, after which the supply of nitrous oxide is discon- 
tinued The endotracheal tube is removed during the first minutes 
after restoration of adequate spontaneous respiration 


Anaesthesia with Neuroleptanalgesia 

Atropine and thalamonal are commonly used for premedication in 
neuroleptanalgesia (1 ml of thalamonal contains 2 5 mg droperidol 
and 0 05 rag phentanyl) The dose of thalamonal depends on the body 
weight of a child 0 5-1 ml for a child weighing from 10 to 20 kg, 
/iKni child of 21-40 kg, and 1 5-2 ml for children weighing 

1 ^ preparations are usually administered intramuscular- 

y, 40-50 minutes before operation Thalamonal has a marked seda- 
tive effect in emotionally labile children Induction begins with 
inhalation of nitrous oxide and oxygen in the ratio of 2 1 Light sleep 
and analge^a occur in a few minutes provided the premedication was 
a equate During this period the vein is punctured and catheterized 
and droperidol is administered in the following doses 3-4 ml (7 5 - 
f weighing 10-20 kg, 4-6 ml (10-15 mg) to children 

0 21- lO kg, and 6-8 ml (15-20 mg) to children weighing 41-50 kg 
blow injection of droperidol ensures a moderate fall m the arterial 
pressure and accelerates the pulse rate during induction anaesthesia 
the effect of the preparation is seen in 5 minutes It attains its 
minutes and lasts for 2-3 hours Droperidol induces 
eepine'^s, full emotional estrangement and indifference The child 
of fear or anxiety His movements and speech are 
licaliv '^affected^^^^^*^” ^pset Spontaneous respiration is notprac- 

(2-3 minutes after drope- 
^ deepens the described 

n intLl Hi I'ospiration is inhibited to complete apnoea accom- 
\pntil . ^^^^^Sidity of the trunk muscles Artifacial lung 

linn n'f fi o ^ ^ begun in 20-30 seconds after the administra- 

othf'r r itnc Depolarizing muscle relaxants are given as in 

on I ^ trachea is intubated The patient falls 

■ 1 f OMde-oxygen mixture (2 1) 

arc relaxed by administration of depolarizing or non- 
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dopolari?nig mii'^clo iola\anls The Kings should be ventilated arti- 
ficially during anaesthesia 

Clinical sign^. of analgesic insiifficiencv, such as accelerated heart 
rate and a slightly elevated arterial pressure, aie indications foi re- 
peated injections of phenlainl (first in 20-30 and then in40-60min- 
iites) Analgesia is maintained by administering Vg oi V 3 of the 
initial dose of phontanjl The last dose of the analgesic should be 
admimstored 20-30 minutes bcfoie the end of operation The drope- 
ndol effect last*: for 2-3 hmiis, no additional doses aie therefore re- 
qiiiredifthooperalioncndsheforeevpirationof this time If the opera- 
tion Inst*; longer, Vt of initial dropeiidol dose should be adminis- 
tered in 90-120 minutes If common doses arc used with children, they 
^^ahc up at the end of operation as soon as the supply of nitious oxide 
IS discontinued The opeialod children aie usuallv quiet, sleepy and 
present no complaints This condition lasts foi 6-8 hours 


Chapter 11 

Artificial Hypothermia 

Hypothermia is 0 pathological condition, but since the oxygen de- 
mands of the body decrease and the resistance to, oxygen deficit in- 
creases in this condition, hypothermia is used in clinical prac- 
tice. 

Physiological grounds Artificial hypotheimia prevents irreversible 
changes in the central nervous system during oxygen deficit The fall 
of body temperature to 30°C decreases oxygen demand by almost 50' 
per cent Hypothermia thus incieases body resistance to hypoxia by 
iOO per cent Artificial hypothermia can be slight, moderate and 
deep In slight hypothermia the body temperature decreases to ol L, 
m moderate to 28°C, and in deep hypothermia to 8-12 G The deeper 
hypothermia, the longer the brain can remain unchanged in conditions- 
of the absence of oxygen When conducting hypothermia, the 
reaction of the human body to cold should be prevented artiiicially 
Some methods have been proposed for this purpose 1 deep an- 
aesthesia (stage III3) It IS not however lecommended to use this 
method because deep anaesthesia has an adverse effect on the body, 

2 — deep neuroplegia This method is not practically used now because- 
neuroplegics inhibit the adaptation and compensatory mechanisms 
of the body, which are necessary duiing operation and anaesthesia, 

3— combination of shallow anaesthesia (stage IIIi) with deep curari- 
zation This is the most popular method Hypothermia in conditions 
of shallow anaesthesia and relaxation of muscles with non-depoiariz 
ing agents is the most advantageous because of its indisputable ad 
vantages over the above-mentioned methods 
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Indicaliom llypolliermi.i in diildien is iiulu alcd for Uic foIlo\\' 
ing opeialions 1 — opciations on large vessels vlioso complete oi 
pailial occlusion can upset ceieln.il riiciilalion foi more than three 
minutes, 2 — opeiations on the heart continuing not longer than 
5-7 minutes, 3 — prolonged opeiations on the heait with extracorpo- 
leal cuculation of lilood 

Hypothermia is indicated as a Iheiapeuticmcans in a — hyperpx- 
lexia, b— severe injuiv of the brain accompanied bx' Jixpoxia, r — 
complex treatment of post-l^poxic brain affections, eg oedema 
Pioceduie The body temperatme can bo safely decreased only 
in an anaestheti7ed child Miilli-componcni shallow endotracheal 
anaesthesia with non-depolari7ing muscle relaxanls should be used 
Depolarizing muscle lelaxants can be used with 2-3 3 ear-old chil- 
dren The temperatme in the oesophagus should constantlx’ be deter- 
mined during hypothermia, EGG and EEG should also be permanent- 
ly taken 


Two methods are used to attain hx'pothermia 113' cooling the bodx' 
surface, and b3’^ cooling the patient’s blood outside the bod}' (with 
extracorporeal circulation) Surface cooling is achieved bv immersing 
he child m cold water (8-1 0°G), placing ice-bags on his bod3sblow- 

special chambeis), or bv packing the 
cii d in a special blanket inside w^hich a coolant is circulated 
Patient s blood is cooled outside the body in a special heat exchanger 
c uded in the apparatus for extracorporeal blood circulation 
eep lypo hermia can be attained onl3' wuth this latter method, be- 
-cause the hearts action is arrested at temperatures below 20°C 

neraturG^oTS^XV^un “ ? xvarmed up in wmter at a tem- 
^ ^ T temperature in the mouth rises to 35°C, 

! rrn ! p ^ anaestliGtics should be discontinued The child show's 
th^p priori senses After cleaning the tracheobronchial tree 
oxv^en IS removed and the lungs are ventilated wuth 

snontanpmic f °^^ask of the anaesthetic appaiatus until adequate 
spontaneous respiration is completely restored 


Lhapter 12 

Local Anaesthesia 

anP^^comnre<^?\n^?^ operating field using physical (cool 

At nresent^ nlivQir!.! agents is called local anaesthesia 

wLL cbeL^Kw^"^^^ desensitization are no longer used 
Local anaestbp'51'1 f] widely- employed in modern practice 

because the ohilri f ^ relative importance in paediatric: 

uSs raWe t f conscious during operation, and this 1: 

undesirable But various types of local anaesthesia are xvidely usee 
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O': components of goneial anaesthesia, or independently as analgesic 
moans dining the post-operatn c period 

The advanlngos of local anaesthesia are as follows 1 — reliable 
blockade of pain imputes fiom the operating held, 2 — mimmnm effect 
on the oigans and stems of the patient, 3 — easy availability in any 
condition*?, application nithout anv evpensive tools or apparatuses 
Local annesthe*?ia ‘per se’ has disadvantages loo The most signifi- 
cant of them are the following a — the patient remains conscious and 
a psccluc in]ui\ i*? thus po'?sible, operations with local anaesthesia 
are \ery difficult with most children, b — absence of control of vital 
bodj functions, local anaesthesia is practically inapplicable to cases 
whore operations should be perfoiiiied on the thoracic organs, neuro- 
surgical opeiations and intervention on the abdominal organs are 
also quite restricted, c — serious complications are possible 

Substances blocking perception or transmission of pain are called 
local anaesthetics Procaine, trimecaine, xycaine, and dicaine are 
commonly used for local anaesthesia in children The doses are 
specilied in Table 17 


Tabic 17 Doses and Concentrations of Pioparations Used fot Local 
Anaesthesia m Children 


Preparation 


Cfinccnlration of I’cmii'iMblc dose, as 

solution, in per dr> substance, 

cent in{i/Ke 


jidmmistration 


Procaine 0 25-0 5 

5-10 

Xycaine {\ylo 0 25-0 5 
came, lidocaine. 

1-3 


5 

Tnmccaino 1-3 

Dicaine 0 5-1 


20 

15 


15 

1 (0-1 ycai) 

2 5 (1-6 years) 
3-6(6-12 yeais) 


for infiltration anaes- 
thesia 

for surface anaesthesia 
for infiltration anaes- 
thesia 

for conduction and 
epidural anaesthesia 
for surface anaesthesia 
for conduction and 
epidural anaesthesia 
for surface anaesthesia 


Terminal (surface) anaesthesia Terminal anaesthesia ^sthesimpl- 
est and long-knowm method of desensitization of mucosa 
sia IS attained by direct contact of the anaesthetic solution with ^he 
mucosa (administered as drops, by aeration, applicatio „,aeiv 

soaked in anaesthetic solution, etc ) Terminal anaes . ^ 

used in paediatiic ophthalmology for anaesthesia of ^3?hTOat 
sac It IS also used for treatment of diseases of the ear, ’ 

and in thoracic suigery It may be suitable for direct laryngosco 
py, bronchoscopy, and the like manipulations m nurslings and in se 
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mor schoolchildren Surface anaesthesia should be used as an addi- 
tional means to suppress undesirable reflexes and to prevent compli- 
cations For example, a 5 per cent procaine solution is filled into the 
tracheobronchial tree to prevent broncliospasm and to inhibit the 
coughing reflex during bronchoscopy The vomiting reflex is inhibit- 
ed by applying anaesthetic to the mouth mucosa (with tampons 
soaked in the anaesthetic solution) Terminal analgesia of the urethra 
IS obligatory for endoscopy of boys (even in conditions of anaesthe- 
sia) It facilitates the passage of the tool through the urethra and 
spares the child of unpleasant sensations associated ivith minor inju- 
ries to the urethra 


Terminal analgesia is attained by 0 5-1 per cent solutions of dicai- 
ne, 5-10 per cent solutions of procaine, and 3-5 per cent solutions of 
trimecaine and xycaine The anaesthetics are readily absorbed by 
the mucosa and this should be remembered in order to prevent over- 
dosage and poisoning 

Infiltration anaesthesia. This consists in layered infiltration of 
Mft tissues in the field of operation using weak anaesthetic solutions 
the method of creeping infiltration has been worked out in detail 
hy the boviet physician A Vishnevsky He also proposed the follow- 
ing composition of a 0 25 per cent solution of the anaesthetic* 
procaine 2 (1 1000) 2 ml, sodium chloride 5 g, potas- 

sium chloride 0 075 g, calcium chloride 0 125 g, and distilled water 
0 raa e 0 ml The solution has a good analgesic effect and its ion- 
ic composition IS close to that of the interstitial fluid At present a 

solution for infiltration anaesthesia is pre- 
pared in the same way 

coHprtnm^xf of IS used in minor operations (herniotomy, 

tissues /nf flip on IS used for removal of small newgrowths of soft 
out infiltratmTi m neonates and infants When carrying 

verv ihin m be remembered that tissues are 

sive iTvpr ’tvifl It IS more correct to anaesthetize each succes- 

auentlfu Jd Infiltration anaesthesia is more fre- 

surmcal onentinric ^ anaesthesia of reflexogenic zones in vast 
vis^For eTnmn '’I abdomen and the pel- 

enterial I^ng root, mediastinum, mes- 

omcal imnulcp^tn fi ^ This decreases the flux of pathol- 

noiis?Suct”Z*pMa\eSra7’’epi°dV“'*Z*‘“ includes intrave- 
SZ®oner7uveZ„!. administered not directly 

amounts of anaesthetics are used, tvhlSSheilf^'dlSaVatiZ rf 
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muscles are attained over a large area of the body, 3 — good knowl- 
edge of anatomy and anaesthetic techniques is necessary, otherwise 
efficacy of anaesthesia cannot be guaranteed and complications are 
more likely to occur 

Regional anaesthesia in children can be used ‘per se’ or in combi- 
nation with general anaesthesia, as well as in post-operative anal- 
gesia 

Intravenous anaesthesia The method was first proposed by Bier in 
1908 The method for using this anaesthesia in children was elaborat- 
ed in detail by the Soviet physician Isakov (1960) It is used inde- 
pendently in senior children for surgery of the extremities, hut it 
can also be used in children of any age in combination with premedi- 
cation and nitrous oxide-oxygen anaesthesia The technique is sim- 
ple A cuff of a tonometer is placed on the extremity (above the site 
of operation) dehaematized preliminarily by an elastic bandage or 
by lifting the extremity A 0 5 per cent procaine or trimecaine solu- 
tion IS administered into a peripheral vein in doses specified in Ta- 
ble 18 

Table 18 Doses of 0 5% Procaine Solution (in ml) for Intravenous 
Anaesthesia of Children 


Upper extremity Lower extremity 


Age, years 

shoulder 

forearm 

hand 

thigh 

shin 

foot 

1-3 

40-50 

20-30 

15-20 

50-60 

40-50 

20-30 

4-6 

50-60 

30-40 

20-30 

60-70 

50-60 

30-40 

‘ 7-10 

60-70 

40-50 

20-30 

70-80 

60-70 

40-50 

11-15 

70-80 

50-60 

30-40 

80-100 

70-80 

50-60 


The effect of anaesthesia is adequate in 8-10 minutes and it lasts 
ontil the cuff is removed The pressure in the cuff is slowly decreased 
^t the end of operation Sensibility is restored in 5-6 minutes after 
removal of the cuff Two cuffs ensure a better dehaeinatization one is 
placed above and the other below the operating field and the anaes- 
thetic IS administered in the site between them ^ *1 ♦ „ 

The disadvantages of the method are the following 1— tjie time 
of operation is limited pain occurs if the cuff remains on the limb 
foi a long time, 2— the ‘vein problem in infants, 3— absence of an- 
aesthesia of the operated limb after operation 4-possibIe Passage of 
the solution outside the zone limited by the cuff and possible 
toxication 

Anaesthesia into haemaioma A 1 5 per cent trimecaine or 
solution IS injected into the haematoma in the zone of bone fracture 
Anaesthesia develops in 6-10 minutes and lasts for the time suffi- 
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cipnl foi rcpo'-ilion of liu* iumc nt*- .‘loiO'-fii* m.i j*- 

usoallv ini))t)‘'‘'i!)io with iliitdicii di'niHfi ui .ui .unhuUiUf o <'.ir 
(acndcnl.il hoiio fr.u {mo*') her ui^i* thou ‘tmti.uli i* ‘ftiii’ An.tf - 
sia 3nto Iho /niio of fr.irl mo tlorofoK uiou n ,t on.dih* iit urh 
cases The noodle 1 *- }).i’'''Od iiilo Iho mjnrod ''it( and tin* |)i*-!rni puUrd 
hack sliglitly \mh) blood ippoai*- in tho Imird, linn ml of 

tuniccaino ‘'ohilion aro injoilod 

riio di‘'ads anlago of llu*' molhod i*- tin ah'Mo) oi mn* t nl.>r rtl. x- 
ation in tho /one of fi.Ktmo 'Jhis l\po of iiiuu ‘■ihosia is niauil) 
used in fiactmes of tin* foioarm ami ‘.Inn hono*. 

Conduction anae^hc'-io Thm mot hod is n'^fd to aiiao'-ihrltrc nrno 
irmiKs <uul plexuses A sin.dl nnionnt of amn *-l)io{!r sohition m 
injected in the region of tho nerve trmik and plcxii*- to intorrnpt 
the tiansmission of impulses and to (*n‘'Ur(‘anao'.thc sin and relaxation 
of muscles in the onluo innervated 7ono Lomlmlion aiiac-lho'-ia 
IS thorofoic (onsideied (o he the most ofi(*cliM motliorl vvliuh is be- 
ing constantly impioved and seems to l>o ({into jiromisjng 1 he bra- 
chial plexus, s( lalic and femoral nerves arc ijsiiallv .mar sttiotJ 7 ed 
hy this method Conduction anaesthesia in p.iorli.ilru s ji. rnainl> 
used for opeiations on the extremities m comhination v ith nitrous 
oxidc-oxvpn anaesthesia It max he used indejirndontlv in scmor 
cJiiJdren Jt is .idvnntagcoush used for post-oporaliv e analgesia and 
for therapculic blockade 

Until loccntlv tho mam difhoiillv in (omluction anaesthesia m 
children was accurate dolivcrv of the anaesthetic solution to the nerve 
run V or p exus Ev’on good knowledge of .innlomv and projection 
points of noive trunks on tlic skin cannot guarantee surce-sful an- 

^anablllty of the nerve trunk positron 
'^iduals riie situation has mnrkedlv changed after 
vvWh om ‘ method for electric excitation of nerve trunks, 
sfqntnIKr n * ^^^e^tiatc anaostliesia hut facilitates sub- 

? ™ Co..., dor, J,v .,ax of .lluslro- 

J n?d I. 1 ^ 1° '’'"'*'1'“' p’**'**® >11 Cliildrcn (Fij 20). The 

ch d IS anaestheti7ed hy inhalation of mtious oxide and ow^on and 

de? W 'fnsmTftT? '"1° perpendicnlarl.v to the slioul- 

nSserthvn^ii^ landmark) As the needle 

passes through the tissues, a xveak curicnt (0 3-0 G inA) is annlicd 

roiresponXe 

This IS tlip inrtint ^ f ^ ^ forcarm and hand contract in response, 
mta L n tlm anaesthetic solution Tri- 
ll 2^000^,1 adrenaline 

IS attained in 7 in of 10-1,5 iiig/kg The anaesthetic effect 

IL shoukL^o A, S f /I XV“‘’= o™ *'"> ■"“WIo POflio" of 

for another 6-10 hnnrko'^ Oours Ilypoestliesia of tho e\lrcmit\ Jabts 
sia The femoral aTiri q ® ^olve the problem of post-operatix c annlge- 
fhe femoral and sciatic nerves aro anaesthetized in a similar w ay. 
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Pig 26 Conduction anaesthesia of brachial plexus 

a supraclavicular approach, h — axillary approach, c — irrigation of nerve 

trunks 


Blood vessels usually run along the nerve trunks and theiefore, 
in order to prevent their puncture, the piston should he slightly pulled 
back to see that no blood enters the syringe The puncture of the 
blood vessel is safe in itself and some authors do not regard it as a 
complication, but entrance of the anaesthetic into the circulatory 
system causes poisoning Sharp needles should be used to prevent 
injury to the nerve 

Paravertebral anaesthesia Desensitizing intercostal and lumbar nerves 
at their exit from the intervertebral foramina is called paraverteb- 
ral anaesthesia It is necessary to determine correctly the zone 
of anaesthesia and to block the two segments above the region inner- 
vated by the nerve of the operative region Each segment is anaesthe- 
tized separately by injecting 4-6 ml of a 0 5 per cent trimecaine or 
lidocaine solution into one site (without exceeding the permissible 
age dose) The method is complicated and short-acting and it is 
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Tig 27 Presacral anaesthesia 


therefore rarely used in children. 
It can be used for analgesia in 
injuries and after operations on 
the abdominal and thoracic 
organs 

Parasacral anaesthesia is actu- 
ally a modification of paraver- 
tebral method It consists in 
blockade of nerves at their exit 
from the sacral hiatuses It 
ensures adequate anaesthesia of 
the pelvic organs and is used in 
paediatric urology and proctology 
in combination with surface 
anaesthesia The approach to the 
, „ nerves is between the rectum 

■and the anterior prface of the sacrum The needle should slide over 
the bone m the direction of the hiatuses (Fig 27) A 0 5 per cent 
off lidocaine, or procaine are used for anaesthe- 

dan attained in 10-15 minutes after the injection The 

2-4 SmXr thp „ "'h'lo It does not ex- 

manv venous nlp\u<;pc: length The epidural space contains 

3™' tVntenor and 

Nowadavs m rnrinp t ^^I’lespinal nerves pass through this space 

antuSs and^r;™ “L'lfot PhafmacoIo|y of 

IS videlv used as a rnmrto I c techmques, epidural anaesthesia 

operations on the abdominarorgan” Smo 

organs, pelvic organs, and the urinary 


Operation field 

Site of puncture 

Chest 

Epigastrium 

Mvfc eSrs 

Perineum and lower extremities 

Tiii-Tv 

Tvi-Tix 

Tviii-Li 

Tx-Lii 

Eii-Liv 




Plate 2 Paedialuc intensive tliciapy unit 



















Plate 4 Closed chest cardiac massage i,„fwppn the sternum and th<? 

M aitificial systole the heart is compiessed between 

veitehial column, , , . „ i.o-ui 

{1>J artificial diastole blood is admitted to th 






b 

Plate 6 Open chest cardiac massage (transdiaphragmatic access) 
(^) through intact diaphragm, 

\l>) thiough incised diaphragm 


Plate 7 Resuscitation measuies 
( a) cleaning airways, 

(h) tleilexing the head, 

(c) giving artificial ventilation, 

(d) closed chest caidiac massage, 
(t) taking ECG, 


(!) applying defibiillalor, 

(g) injections, calcium chloride, 
adienaline, sodium bicarbonate, 

(h) applying cold 





late 8 Intensive tlieiapy of brain ^ 

leobtasis, applying cold, and administering n 







Plate 9 Open ( anniil.ilioii'' of llio ex- 
ternal jugular xein 

(a) skin incision and sepaialion of 
the vein, 

(b) punctuiing llic \ein and intio- 
ducing the tondiictoi, 

( c) passing a calhelei hv the con- 
ductor, 

( d) forming a skin tunnel and pass- 
ing the calhelei end tluough it, 

(<) fixalion of llio catheter and con 
nection to the system 



W. 
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^ ‘S 28 Epidural anaesthesia 

puncture of epidural space, 6— sites of injections for vanous operations 


system Epidural anaesthesia is a common method of prolonged post- 
operative analgesia The child is placed on his side, his thighs are 
flexed on the abdomen (Fig 28) The site of puncture depends on the 
J^equired level of anaesthesia (Table 19) 

The manipulation is usually conducted with local infiltration an- 
aesthesia hut infants and children may be given anaesthesia with ni- 
trous oxide and halothane, especially so if multi-component analge- 
sia will be further used A needle with a rounded end is passed strict- 
ly medially through the interspinal and yellow ligaments The op- 
erator feels as if the needle enters an empty cavity when it reaches 
the epidural space A 2-ml syringe is now attached to the needle 
If the needle’s position is correct, an isotonic sodium chloride solu- 
tion freely passes into the epidural space It is necessary to check if 
the needle is in the vein or the epidural space by pulling back the sy- 
11-01222 
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(when a laige dose of the prep- 
aration entcis tlie blood circu- 
lation sjstom) 

Caudal anaesthesia does not 
differ substantially fiom epi- 
dural anaesthesia The analgesic 
effect is attained b> administei- 
ing the anaesthetic into the 
distal part of the epiduial space 
through the sacral hiatus The 
solution reaches Li and is dis- 
tributed in the entire region 
innervated b> the sacrolumbar Caudal anaesthesia 

plevus (Fig 29) The spinal coid 

extends from the atlas to the second lumbai vertebra, less fre- 
quently to the second sacral veitebra At this level the distal part 
of the spinal cord forms the medullary come, wdiich extends to the long 
terminal filament The epidural space continues to the saciolumbar 
ligament, which coveis the sacral hiatus These anatomical features 
account for the safety andieliability of the sacral anaesthesia, which 
ensures adequate anaesthesia of the organs of the small pelvis, the 
perineum, and the lowmr extremities 

The procedure is vciy simple the child is placed his face down, 
With the pelvis slightly elevated, or on his side The needle, with the 
mandrin inside it, is passed through the membrane between the sa- 
oral horns at an angle of 45° until it meets the bone, its position is 
then changed to horizontal and the needle is moved further through 
2-3 cm paiallel to the sacrum After an aspiration test for correct po- 
sition of the needle, 1 5-3 per cent solution of tnmecaine or lidocame 
with adrenaline (1 200 000) is injected, or a plastic catheter is passed 

for prolonged caudal anaesthesia , , n 

Caudal anaesthesia is used in paediatrics together wuth shallow 
nitrous oxide-oxygen narcosis during operations on the perineum an,d 
the lower extremities Independently it is used for post-operative 
analgesia In addition to the analgesic effect, epidural anaesthesia 
causes some other effects, e g sympathetic blockade The cholinerpc 
effect is intensified and the intestinal peristalsis is increased by this 
anaesthesia 



COMPLICATIONS OF LOCAL ANAESTHESIA, 
THEIR PREVENTION AND TREATMENT 


Local and general complications associated with local anaesth^ 
sia are distinguished General complications are poisoning with 
anaesthetics and anaphylactic reactions Poisoning watli anaesthet- 
ics can occur 1 -during occasional puncture of the blood vessel 


II* 
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and infection of anaesthetics into the blood circulation system; 
2 — as a result of puncture of dura mater when the dose of anaesthet- 
ics, intended for epidural injection, is injected into the cerebro- 
spinal canal, 3 — as a result of overdosage 

Poisoning IS prevented by regularly checking if the anaesthetic is 
not injected into the blood vessel, cerebrospinal canal, by strictly 
observing the prescribed doses, and by adding adrenaline to the an- 
aesthetic solution to decrease its absorption 
Signs of poisoning differ by their intensity Slight forms of poison- 
ing are manifested by nausea, vomiting, flaccidity, or excitation 
Generalized clonic convulsions with respiratory distress (to complete 
cessation of respiration) are characteristic of gra\ e poisoning 
In the presence of signs of slight poisoning, the administration 
of the anaesthetic should immediately he discontinued and additional 
amounts of liquid should he administered intravenously or much liq- 
uid should be given to drink In severe poisoning assisted or artifi- 
cial respiration should be given with narcotization to stage IIIi- 
Illg to decrease excitation and to relieve convulsions Hexenal is 
usually used for the purpose, but if an intravenous injection is diffi- 
cult, nitrous oxide and halothane should be gnen without delay 
Glucose wuth insulin (20-25 per cent of the daily volume of liquid 
taken) should then be infused in order to accelerate withdrawal of 
excess anaesthetic from the body 

Cases of hypersensitivity to anaesthetics are not infrequent But 
this may be prevented by studying appropriately the anamnesis of 
each patient The manifestations of hypersensitivity to anaesthetics 
are different They may vary from allergic reactions, such as nettle 
rash, itching or local oedema of subcutaneous fat, to severe anaphy- 
lactic shock The anaesthetic administration should be suspended 
immediately in any case If the response is moderate, the child can be 
given calcium chloride, diazolin, diphenhydramine hydrochloride, 
pipo phen, and small doses of promedol Severe cases should be treat- 
e y energetic infusion of adrenaline, hydrocortisone and pipoT 
pnen, assisted respiration by mask of the anaesthesia apparatus or a 
simple ventilator is sometimes necessary 

i complications include injuries of nerve trunks, vessels 

(witnliaematomas), infection, and inflammation of soft tissues These 
complications can be prevented by carrying out appropriatelv 
e anaesthetic operations, including a proper selection of needles 
ana strict obseiwmtion of aseptic conditions 
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Chapter 13 


Dependence of Anaesthesia on the Child’s Condition 
and Character of Operation 


The special cliaractci of anaesthesia depends mainly on the child’s 
condition and the character of surgical operation, as well as the age 
of the child 

Minor operations in out-patient conditions Anaesthesia in minor 
operations is as impoitant as naicotization of patients for any other 
surgical operation The term minor does not apply to anaesthesia, 
because severe complications can occur even in short-lasting narcosis 
Piepanng the patient for anaesthesia includes emptying his stom- 
ach through a gastiic tube (if he ate for the last time 3-4 hours be- 
fore anaesthesia) A hospitalwed patient should be premedicated as 
usual If the operation is to be made in out-patient conditions, atro- 
pine should be adniinisteied, oi no piemedication is required at all 
The patient should be anaesthetized with nitrous o\ide and oxy- 
gen, or nitrous oxide, halothane and oxygen, propanidid or barbitu- 
rates should be administered intiavenoiisly, older children require 


local anaesthesia . 

Emergency operations Whenever necessary to correct the water- 
salt balance and blood circulation, indicated is intravenous admin- 
istration of blood, plasma, polyglucin, 10 per cent glucose solu- 
tion, and electrolytes If a child ate within 3-4 hours before opera- 
tion and in the presence of acute abdomen, it is necessary to empty Ins 
stomach through the tube that should remain in the stomach during 

the entire operation ^ i u 

Anaesthesia should be given through an endotracheal tube or by 
mask inhalation Intravenous anaesthesia is indicated for older chil- 
dren during shoit-lasting operations i, i 

Surface operations on the head Anaesthesia should be given 
either by mask or endotracheally, depending on the site of surgical 
operation Local anaesthesia is possible Avitli older children 
Craniotomy and operations on the brain These opera 
usually conducted with endotracheal anaesthesia Adequate premed- 
ication IS nrcessary to prevent excitation Reinforced endotracheal 
tube should be used it can be bent at any desired angle 
Operations for correction of cleft Iip and pa a 
Robin’s syndrome These operations aie performed with endo- 
tracheal anesthesia The tube is usually passed ^ 

but in some cases it is more convenient to vnx s 

nose Intubation may be difficult Tamponade of the pliaiynx is ne 
cessary trprevenraspiration of blood Replenishment of blood loss 
IS necessary Anaesthesia should be done with nitrous oxide an i 
thane, and also Avith oxygen 
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Operations on the neck. These include opening of small abscesses, 
extirpation of cysts with anaesthesia administered through the mask, 
deep phlegmonas and submandibular abscesses should be opened with 
endotracheal anaesthesia 

Tracheotomy. This should preferably be done with endotracheal 
anaesthesia, with opening the trachea w’hen the tube is inside it, 
the tube should be removed after operation is over. 

Lung cyst Severity of the patient’s condition is due to the col- 
lapsed lung, displaced mediastinum, compression of the non-in- 
volved lung, and disordered blood circulation 

The preparatory operations are only few inhalation of oxygen, ad- 
ministration of atropine and cardiac preparations Anaesthesia 
anaesthesia is induced with halothane and oxygen (at high concen- 
tration), laryngoscopy without relaxants or after admimstering depo- 
larizing relaxants, but using no mask for artificial lung ventilation 
After intubation of the patient, artificial lung ventilation should be 
performed wnthout applying high pressure, spontaneous respiration 
should be restored as soon as possible This decreases the danger of 
stomach distension, cyst strain, and, accordingly, compression of the 
lung and mediastinum After mobilization of the cyst, artificial lung 
venUlation can be carried out If the child’s condition is critical, the 
trachea should he intubated and artificial lung ventilation with mi- 
nimal inspiratory pressure should be performed In the absence of 
adequate lung ventilation a/ier operation, controlled respiration 
should be given to the child at a minimum pressure (15-20 cm HjO). 
pontaneous respiration with positive expiratory pressure is indi- 
cated 


Operations for lung destruction and abscesses, and pleural empjema. 
ilie preparation tor operation for several hours includes infusion ther- 
api , aspiration of fluids from the pharynx and trachea, and also oxv- 
gen therapy Anaesthesia should be endotracheal (twnn tubes should 
be used with older children) If leakage through the fistula is signifi- 
cant, anaesthesia should first be endobronchial, and after the leak- 
age IS eliminated the tube may be moved to the trachea If one-lung 
anaesthesia is impossible, hypoxia can be lessened by the following 
f ky spontaneous respiration, b — by rapid thoracotomy 
leakage, c— by artificial lung ventilation with a 
Hoc, inspiration At the moment of decortication it is 

desirable to administer procaine into the lung root Possible blood 
loss should be replenished Post-operative infusion therapy aimed at 
therapy^ sanation of the tracheobronchial tree, and oxygen 

resection The planned preparation of the child for opera- 
detoxication and sanation of the lung and trachea 
Ancesi/iesia endotracheal inhalation of nitrous oxide and halothane 
yg no der children, especially in lateral thoracotomy. 



Ch 13 Dcpondonco of Anaesthesia on Some Factors 


167 


t\\m tubc'^ sliould prcfei.ilih bo used, one-lung anaesthesia should be 
used for pneumonectonu- Befoio suturing the pleural cavity, it is 
ueccssan to check that the remaining poition of the ung is distend- 
ed It iinporlnnt that the lung -should he distended aftei opera- 
hon This can bo attained by actnc stimulating the cough- 

ing ronox, and spontaneous^ rcspiiation vith positive expiratory 

^‘^STasin and achalasia of the oesophagus 

to operation i*' general, bec.iu'Jc tlic child is o c , -alien 

ihe<^!a endotr.ichcal with optimum relaxation nre- 

inanipulation<5 arc poifoimod under the diaphia^ ’ 
vent icflcxe's during m.inipul.ation'J on the ^ ^ llio nerve ade- 
rable to ensure procaine infiltration in the ^ „ blockers 

<IUMC rfln%nl.on „£ L^aesthesia m cha- 

OcSOpllJlCOplflSt J • Jlflw ] ni^Ufi rtT />nn 7 nfoTlJ tr6Clt~ 

Insia and .nclialacia liold^: for oesophagop as of the tia- 

mcn( include'^ correction of piotcin disoi ‘ ‘ Anaesthe- 

chcobronchial tree and mnScs^In order to maintain 

oridolrachea with of Ischaemic disorders m the 

sufficient arterial pre'-suie (propiixiays , , pnntiolled hyper- 

.ntoaunal , rataplan.) t. a 

xolnomia, it is thcrefoie „(ioced If the arteiial pressure 

andpolvg ucin \®; he adminis- 

doos not elexate b\ o-lO mm Hg, “5“* oneration should exceed 

tered The volume of blood transfin^ed operation sno 

thelo- Posl-opcrahve picvention of oedema ot g 

space, effective analgesia, and oxvge , ‘ profuse bleeding 

Funnel (Cobbler’s) ohost There cm - g preparatory measwes 
and of opening of holh Xal ^vith ^ 

are common cndoti, < Post-opei ative pro- 

hinod epiduial Replcmshraent o -„|,iqtionmaY be indicated for 
longed inlultntion and “ jfJ“j,ed osleomuscular framework, 

upselrespiialory funotion dne f “ etabolism can be upset 

doe to dtsordered absoipt.on potaSsinm ohlo- 

intueion therapy (5-10 pet cent g plasma, vitamins) Thor- 

ride, sodium bicarbonate, whole pnrintracheal, epidural analgesia 

oiigh gastiic lavage f dming operation, it is necessary 

In order to decieaso the toxic efi rnrrection of metabolic acido- 
lo empty the intestine d Sle ?elaxan^^ and retards 

SIS, which often intensifies the action of muscie 

recovery from anaesthesia nrrlmarv if hernia is small In 

Emhyonic heinia Anaesthesia aaneer of respiratory and cir- 
cases with large hernias, there exi , of the intra-abdominal 

culatoiy dysfunction due Anaesthesia (endotracheal) 

pressure after correction of the 
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should be conducted so Hint the action of nni^-clo iel.i\anl‘< •should 
discontinue after the hernia is replaced and before •'Utiirinj? 'I lie re- 
spiratory and blood circulatory functions can then he le<-ted Se%ere 
respiratory dysfunction and circnlatoiy failure arc induation'' for 
two-step operations 

Operations on the stomach and spleen Endotracheal anae'^the^ia 
with nitrous oxide and muscle relaxaiils, controlled ro'^piralion Mu*^- 
ciilar relaxation is maintained until the abdominal ca\it\ i«: sutured 
Endotracheal anaesthesia with nitron^- oxide in ( omiiination with 
neuroleptanalgesia or epidural anaesthesia ‘should preferahh he con- 
ducted in weak and asthenic children 
Hirschsprung’s disease Preparatoru procedure'; inchide conection 
of upset water-electrolyte and protein mctaholi‘'m Premedication 
includes atropine, promedol and antihislaminic preparations 
Anae<;thesia endotracheal, neuroleptanalgesia, admini'^tration of 
procaine into the nic'jon ter j During manipulation‘- in the «mall pel- 
vis, anaesthesia should he deepened by additional doses of promedol, 
phentanyl, and by increasing the concentration of strong anaesthet- 
ics All blood lost should he replenished and mea'^nre*? to pre%enl 
shock taken 

In liver affections halothane should he rejected and neurolcptanal- 
gesics used instead Ncphrourological operations should he earned 
out under combined endotracheal anaesthesia with fractional admin- 
istration of muscle relaxants Appendectomy, herniotomy, operations 
for cryptorchidism, and other minor operations on the organs of the 
abdomen and the small pelxis should he performed with anaesthesia 
given by the apparatus and mask Endotracheal anaesthesia is indi- 
cated in appendicular infiltration or local peritonitis 

Anal atresia If operation is short (surgical opening of the onus), 
anaesthesia is given in a usual way by mask and apparatus Measures 
to prevent circulatory disorders during abdominoperineoplastj are 
the same as in Hirschsprung’s disease 

Operations on the locomotormm Anaesthesia depends on the 
extent of surgical intervention injury, loss of blood, and the posi- 
tion of the child on the operating table Comparatix elx" small opera- 
tions can be performed with anaesthesia given to the child Ijmg on 
his back by mask from the apparatus Operations associated with sig- 
nificant surgical injury should be performed witli multi-component 
endotracheal anaesthesia This especially holds for cases where the 
child lies with face dowm, on his side, or other nonphvsiolosrical po- 
sitions 

Anaesthesia in shock In the presence of bleeding, the surgeon 
has to perform an operation even if a child is in shock The operation 
should be begun wuth massixm infusion therapy (see Chapter 19). 
For special indications the operation should be preceded bj procaine 
block in the site of fracture, by vagosympathetic block in injuries 
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l";rolv.rolc'’ ■" '"junos of the eUremtt.es and 

nhol! ‘ atiaesthesia with controlled ream 

firipnf of tlie vital functions is preserved, while suf- 

of iho of ^^lood has a favourable effect on the condition 

lot TO.? "“'’r" "'“ ’■'’O'-, otC 

res®usciliTmn a"“oal'>oa'--> m shock can thus he considered a 

^‘-‘suscitalion measure 

narcfhrsnL^o^^ nitrous oxide can he regarded as the most suitabln 
ciihf.nn Aeurolepianalgesia can he used if the blood cir- 

I nation is stable Piemedication should he minimal and include 

hormmff^^l‘^^'i fo^^^foncos Aliopine, pipolphen and corticosteroid 
sST injected inliavenouslv Morphine analgesics 

- onid be rejected for then marked inhibiting effect on the respiratory 
' a vasomotor centres Tlie'^e preparations can only he used to main- 
nin anaeslhesin during operation and dining the post-operative pe- 
lou {rather tlian during piemedication of patients m shock) Sodi- 
m oxvbate, nitrous oxide vilh oxygen can he used for induction of 
‘ naesthesia It is not recommended to give barbiturates to children 

5Jiock, because this preparation can cause disorders in blood cir- 
culation 


Chapter 14 

Hazards and Complications of Anaesthesia 
in Children 

Complications associated with anaesthesia can develop irrespec- 
ive of adequacy of procedures performed before operation Every an- 
uesthesiologist should therefore be aware of all side-effects that may 
occur after anaesthesia, all dangers and complications associated 
^^ith the use of anaesthetics, possible causes of these complications 
^ud measures to prevent and treat them Correct and timely diagnosis 
0^ complications associated with anaesthesia is very important 
!: ^^uianent control of the child’s condition during and after opera- 
U5n facilitates this problem 

fiapidly increasing concentration of halothane in the inhaled gas 
uiixture or prolonged supply of the anaesthetic at high concentration 
cause bradycardia (to asystole) and even arrest the heart’s ac- 
tion The danger of these complications is higher in the presence of 
'hypercapnia The hepatic function can be disordered in the early 
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post-operative period after a prolonged lialoUiane anaesthesia 
A rapidly increasing concentration of ether in the breathing mix- 
ture can cause laryngospasm, abrupt cardiac dysfunction, and some- 
times asystole due to a strong irritation of the nervus vagus 

Cyclopropane can provoke serious disorders in the heart rhythm 
Ketamine administered in a dose of 8 mg per kg body v. eight can 
cause hyperthermia and a condition during xvhich convulsions are 
likely to occur in the early post-operative period Big doses of sodi- 
um oxybate can also cause convulsions 

Depolarizing muscle relaxants (succinjlcholine and its analogues) 
•can cause marked bradycardia (to asystole) in children after the first 
administration Repeated administrations of these preparations can 
cause tachycardia and moderate hypertension 

Tubocurarine causes moderate gangliobloclving effect with re- 
duction of arterial pressure 

Respiratory complications. These can be divided into two groups, 
namely, respiratory complications in the airways (tracheobronchial 
tree) and complications in the lungs All complications associated 
VvUth obstruction of patency in the tracheobronchial tree provoke a 
rapidly progressing hypoxia They can occur during anaesthesia and 
also during the post-operative period Mechanical obstruction of the 
airways -with foreign objects, aspiration of the vomited matter, ton- 
gue retraction, laryngospasm, bronchospasm, and breakdoivn in the 
apparatus are among the most common causes of difficult passage of 
the gaseous mixture into the alveoli 

Various foreign bodies, stomach contents and blood can get into 
the airways both during induction and maintenance of anaesthesia 
The presence of small foreign objects or vomitus can be overlooked 
during anaesthesia and they can become the cause of serious compli- 
cations during the post-operative period (strong hypoxia, atelecta- 
-sis of the lung or its lobe, lung abscess) Signs of asphyxia rapidly 
develop in severe obstruction of the airways cyanosis, rapid pulse, 
elevation of arterial pressure, convulsions are then followed by the 
arrest of heart’s action The time from the cessation of respiration 
to arrest of the heart is 3-5 minutes Decisive measures should be 
taken during this time to remove the causes of asphyxia 

When anaesthesia is administered by mask, it is necessary to be 
-Sure that the tongue of the child is not retracted If obstruction to 
the air passage is due to tongue retraction, the child’s head should be 
pulled back this will in most cases remove this complication If 
respiration is stertorous, the mandible should be pulled and held m 
this position The airway should reach the root of the tongue, other- 
wise the air delivery will be inefficient The mouth should then be 
inspected to see that no vomited matter is present in the mouth and 
the teeth are intact (they can be broken by clumsy manipulations 
xvitli a mouth gag or a laryngoscope) The wmrk of the anaesthesia 
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apparatus should be checked rapidly the o\ygen supply to the pa- 
tient must be adequate, the airway ’should impose no resistance to 
respiration, and the inhalation and exhalation valves should 

function properly i i -u ..i 

If anaesthesia is administered thiough an endotracheal tune, the 
apparatus should he in proper working order, the tube should have 
no abrupt bends and ensure unobstructed air flow If the tube is passed 
too far, the inflated cuff may close a bronchus Or th^e tube can 
pass one bronchus but close the other Or the aperture of the tube can 
he closed as the tube end thrusts against the bronchus wall In order 
to prevent these complications, it is necessary to auscultate the lungs 
on both sides, and if respiratory sounds are not heard on one side, 
the endotracheal tube should be pulled up until the respiratory 
sounds are well heard over all portions of both the ef an 
Accumulation of much mucus or blood in the airways, or p 
tion of the gastric contents into them, causes 
tracheobronchial tree should in such cases be ^ 

by aspiration, which is simpler m intubation a j ^ 

WhL conducting endotracheal anaesthesia, the 
must auscultate periodically the A i 1,6 re- 

indicate the piesence of mucus in the complete 

moved The tube may be removed from the tf^^a onlj after compete 

restoration of spontaneous Sent^of th'l'bronchi aldtrLliea should 
fore removing the tube the contents of t b 

be removed thoroughly by aspiration, 

'“‘’Laryngo- or bronchospasm is ■L”;.lfSauL°of Oie hSh 

absent while controlled '®,calfons are infrequent provid- 

resistance to inspiration These usually develops 

ed anaesthesia is given ProP^’^^y^/JAStTon of the mucosa of 
through reflex routes '“^Xted vapours of anaesthetics, coa 
the upper airways with concentrat P ^ induction anaesthe- 

manipulations with a laryngoscope, espe j^^ 

sia IS insufficiently deep or the ^ introduce the airway before 
also occur in response to an on the abdomi- 

the laryngeal reflex is „naesthesm (when the stomach is 

nal cavity with general . and other rough mani- 

Pulled), during iriitation of tji® ® P^^^ branches of the nervus va- 

pulations associated Avitli irritaiio ,1 larvno-ospasm can occur 

gus When barbiturates are infused ,^1^3 .an 

due to increased tone of tl^® nervu g 

also cause laryngospasm, n P®^ 1 . a specific Avliistling sound 
It the vocal sill is closed L^ration is spontaneous, 

oan be heard during inhalation becomes obvious bv the 

the tidal volume decreases cements despite energetic re- 

decreased amplitude of the air bag movemei 
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spiratory excursions of the chest A complete laryngospasm arrests 
the air supply to the lungs and even increased pressure on the air 
hag does not help Laryngospasm often abates spontaneously and 
quickly But in some cases it can last for a long time, while the signs 
of hypoxia increase rapidly The cause of laryngospasm should in the 
first instance be removed as soon as possible If laryngospasm occurs 
in the early stage of anaesthesia, the anaesthetic supply should be 
discontinued and the patient should be given pure oxygen to breathe 
If this measure fails, muscle relaxants should be administered with 
subsequent intubation If laryngospasm develops during operation, 
the surgical intervention should be suspended and atropine solution 
administered into the vein, anaesthesia should be deepened Tracheo- 
tomy should be performed in extreme cases, if laryngospasm per- 
sists and attempts to conduct intubation fail 

Broiwhospasm is a more severe complication, which interferes 
with delivery of the breathing gas into the lungs Its causes are the 
same as of laryngospasm Bronchospasm occurs mostly in children 
witn ciironic lung diseases and allergic reactions But in some cases 
tins complication occurs also in patients without pulmonary pathol- 
^°^*^j|ospasm is usually provoked by parasympathomimetic 
ances (barbiturates, cyclopropane), especially in the absence 
or adequate premedication Severe contraction of the bronchi to 
tfieir complete obstruction) can occur at any period of anaesthesia, 
out it usually occurs during induction 

attended by severe bypoxia, the respiratory 
mb ibo ^ chest are discontinued, the patient’s face turns grey- 
brnnrWn!?® cyanotic, the pulse accelerates and weakens If 
becompq occurs in an intubated child, controlled respiration 
effort wbilp P^i air is expressed from the bag only bv a great 
Larvnao coarse dry rales cm be heard. 

Iniecterl sometimes occur simultaneously 

dronerulot atropine, diaphyllme or eupliylline, 

SrboSp lot chloride, a 4 per cent sodium 

aestlmsiashonh hp?; ^^^°^y^P^«ietic block is carried out An- 
prove inefieclnp m possible These measures can 

Lssa^e of tbp iL ^°^^^^'^o«^^iospasm Smolnikov’s open chest 
draining tube m measure in such cases A 

other anaestbeqi^nrm pleural cavity and connected to an- 

ly the bans of anaesthesiologist presses alternate- 

tion7musfbe Pf “^nute) All medical manipula- 

moment of developing 11 ^ 0 ?^ 

the alveOO^mijpb ineffective and air is absorbed in 

are affected bv from the capillaries and the lungs- 

aiiected by oedema Oedema can also be caused by an abrupt ele- 
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rai|f a!:^ pinkvi^^rrSu”;;? — 

Miamoal olBliiiclion of the hionchus or its significant contrac- 
lion caused hv the teHox effect of tlie surgical mjury on the va- 
gosMiipatlielic fevslom upset the bronchial conduction and a part of 

‘Irhr® ‘I ““ '■'»P"-“tay f™<!tton Air is soon ah 

raii^,' “'1^ ” n”'''' i '® t'ssne, not involved in the respi- 

frn (otelcctasi'i) Tins complication is markedly more 

fequent than actually diagnosed EeOex atelectasis can occuT 
auring the operation as yell The diagnosis then becomes especially 
nicutt because only small portions of the lungs are affected and 
npovia IS absent because of the high o\ygen concentration m the 
naesthetic mivture If respiratory distress is obvious, it can erro- 
eously be explained by some othei cause, e g acute cardiovascu- 
«r tailure, overdosage of narcotics, shock, etc 
treatment of patients with atelectasis is described in Chapter 17 
Cardiovascular complications A sudden arrest of the heart's action 
the most serious complication that can occur m any stage of an- 
SGsthesiaand in early post-operative period The term ‘sudden’ is not 
<iuite correct, because a skilled and careful anaesthesiologist will 
®l''ays identify the preciusors of the heart’s airest by the changes 
the patient’s condition (blood circulation included) Early diag- 
nosis of these symptoms and their timely correction promote the 
restoration of normal cardiovasculai function and prevent a ‘sud- 
oen cessation of the heart’s action Besides, inadequate cardiovas- 
cular function hefoie operation is a direct indication that various 
circulatory disorders are likely to happen during anaesthesia In 
such cases tlie control of the patient’s condition must be especially 
careful arterial pressure and pulse should be taken at short inter- 
vals, the colour of the skin and blood in the operative wound should 
ce observed attentively The condition of the patient should he 

monitored 

The precursors of acute cardiovascular failuie are progressive 
tachy- or bradycardia, cardiac arrhythmias, irregular respiration, a 
sudden pallor or cyanosis of the skin, slowly developing or a sudden 
hypotension, and dark blood Electrocardiographic control of the 
patient’s cardiovascular function during opeiation is a valuable 
means It is especially important in patients with concurrent diseases 
c the cardiovascular system 
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The heart can stop because of hypo\ia of various aetiology, acute 
blood loss during opeiation, narcotic overdosage, rapid administra- 
tion of barbiturates (especially to asthenic patients), acute adrenal 
insufficiency, evcessive iiritation of icflexogenic zones and organs 
richly innervated vitb endings of the nervus\agus The heart can stop 
by reflex during intubation of the trachea 

If signs of circulatory insufficiency (hypotension, cyanosis, veak 
pulse, etc ) develop duiing operation, measures should immediately 
he taken to improve the myocardial contractility (stiophanthin with 
glucose and vitamins, cocarhoxylase, ATP) Since the heart often 
stops during hypoxia and hypercapnia, adequate lung \ entilation 
must be ensured 

If pulse is absent and arterial pressure falls to zeio, the diagnosis 
of cardiac arrest is established, although ver\ veak contractions of 
the heart can be detected in some cases by the monitor Energetic 
therapy should then he undertaken urgently Anaesthetic supply 
should be discontinued and artificial respiration ■with pure oxygen 
given 

Resuscitation of patients with stopped heart are described in Chap- 
ter 18 


Heart rate and rhythm disorders During early anaesthesia pulse 
can he accelerated due to a psychic excitation of a child before he is 
taken to the operating room The heart rate normalizes in such 
cases spontaneously (without any treatment) The heart rate can also 
increase d^ing induction anaesthesia, but as the narcotic sleep 
eepens, the heart rate normalizes Transient tachycardia vithelevat- 
ea arterial pressure usually occurs immediately after intubation in 
short period of hypoxia (during intubation) As soon as 
^ ungs are ventilated artificially, the heart rate and ar- 
tUo Pi’6ssure normalize In all other cases accelerated pulse is 
ate trlatmenT^^^ condition and indicates the necessity of immedi- 

tachycardia during operation and 

Of hypoxm, bleeding, 

Iv shallow overdosage of anaesthetics Excessive- 

ed hv a^rhl tachycardia If pulse is accelerat- 

fuse hlnnrl t> 1 developing shock, it is necessary to trans- 

sures tn plasma If signs of hypoxia develop, mea- 

tachvcardia nrnf ventilation should be taken Pronounced 

runt elevatmo ^^^o^thesia (if it is not attended by an ab- 

torv distrps*? n t temperature) can also be the result of respira- 

reactiorto non-compensated blood los^ or 

this conditmo a surgical wound Measures to correct 

tnis condition depend on the cause 

hvnoxm nervus vagus increases due to 

rve IS irritated during operations on the lungs and 
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the upper abdomen. Marked bradycardia can occur due to intravenous 
administration of proserine, winch is used as an antidote to non-de- 
polarizing muscle relaxants Strong bradycardia is treated by intra- 
venous administration of atropine But if bradycardia develops in 
the presence of hypoxia or due to overdosage of narcotics, the use of 
this particular preparation should be suspended and measures taken 
to eliminate the disorders pioduced 
Various types of arrhythmia occur during and after anaesthesia 
As a rule, arrhythmia can be diagnosed by common methods of ex- 
amination Arrli^'^tlimia can be caused by myocardial hypoxia, hyper- 
capnia, by changes in the myocardium caused by concurrent dis- 
eases, toxic effects of some anaesthetics, excessively deep anaesthesia, 


hyperkaliemia, or acidosis 

Hypo- and hypertonic reactions. Fall of the arterial piessure 
during operation and anaesthesia or dm mg eaily post-operative 
period IS a common complication It can be caused by hypoxia, poi- 
soning, overdosage of narcotics, acute blood loss, shock, 
lure due to myocarditis or other diseases, or acute adrenal fai ure 
If hypotension is not attended by acceleration or deceleration of pulse 
rate, it is due to decreased tone of the peripheial vessels and is 
usually abated by vasopressor preparations Transfusion of blood or 
Its substitutes is less effective m such cases But the arterial piessure 
noimalizes foi a short period and hypotension 
especially in children with chronic diseases or in 
with steroid hormones Adienocortical insufficiency can 
in such cases Intravenous administration of polyg ' 

epinephrine and hydrocortisone is a reliable means against this com- 

^^iTaiterial pressure falls as a result of blood loss poisoiM 

deep anaesthesia, or overdosage, the heart ra e a \ Unriv 
ly Treatment shUd then be aet.ologioal 

eardia occurs much less frequently It ' increased 

s.on of the vasomotor centre by narcotrc “ 

tone of the netvus vagus in the presence of 

the coDtiactilrty of the myocardiuni Hypo ® excitability 

also in deep halothane anaesthesia Substances 

of the respiratory and vasomotor cen ’ ^ condition 

vitamins, and oxygen is inadequate This occurs 

Arterial pressure increases ^naestn jiypoxia and hypei- 

frequently in nitrous oxide ’ deLmncj' or hypercapnia, 

oapnia If hypertension is due anaesthesia should be 

lung ventilation should be improved halothane may 

deepened If nitrous oxide is used as an aiiae^u« i 

lie added during operation’s dangerous complica- 

Malignant hyperpyrexia is a Jmg muscle lelaxanis 

lion Its aetiology is unknown Uepoiarizm^ 
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and, possibly, genelically-delermined factors may bo involved 
This complication manifests clinically by an abrupt elevation of 
body temperature to 39-40°C, hyperaemia of the skin, and upset res- 
piratory and circulatoiy function (tachycardia, hypotension) Ma- 
lignant hyperpyrexia can rapidly cause oedema of the brain and 
death Treatment of this syndiome is described in Cliapter 23 


Chaptci 15 

Anaesthesia of Premature Neonates 
and of Neonates Born at Term 

Anaesthesia of neonates, and especially of those delivered prema- 
turely, IS a complicated aspect of anaesthesiology and intensive ther- 
apy During the first 10 or 12 days of life the state of a neonate can 
be characterized as a post-natal stress It is quite natural therefore 
that diseases reqiiiiing surgical correction increase the risk factor 
A neonate should be anaesthetized by a specially trained phj'si- 
■cian, who must be a skilled anaesthesiologist and resuscitator and must 
know very well the fundamentals of neonatology 
When a neonate is transported into or from the operating room, 
measures must be taken to pre\ent his cooling A special operating 
room must be provided for neonates, where the ambient temperature 
should be maintained not below 25°G, and the operating table must 
be provided with a special heatei The neonate should be brought in- 
to the operating room in a couveuse when everything is prepared for 
anaesthesia and operation The apparatus for anaesthesia must be 
pr^ided with all accessories that may be required during operation 
ine type oi anaesthesia depends on many conditions the state 
0 the neonate, the chaiacter of operation, and experience of the an- 
aesthesiologist Various types of anaesthesia can be used with neo- 
na es u it is desirable that minimum medicinal preparations should 
be used if possible 

anaesthesia is used, endotracheal route should be 
Gcause a neonate has a relatively large tongue and giving 
+niron ^ ^ maslc may be difficult Special measures should be 

resistance of the anaesthesia appaiatus, con- 
necting tubings and the endotracheal tube 

System IS used for anaesthesia of neonates, in which the 
minimal^ practically absent and the resistance to respiration is 

valveless systems is that a child breathes m 

anrl wnT-rr.ri f mixture should therefore be humidified 

and warmed for artificial ventilation of the lungs 

Curved endotracheal tubes without cuffs are used for intubation 
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of neonates 1 1 is convenient to use endotracheal tubes in which the 
proximal end has a larger diameter (to prevent its deep passage into 
the trachea) 

The use of connectors should he avoided since they increase the 
dead space and resistance of the system 
As distinct from older children, neonates need no anaesthesia or 
muscle relaxanls for intubation of the tiachea Weak neonates (with 
Inpotrophy, cachexia, muscular hvpotonia, hyporeflexia) or prema- 
ture neonates can be intubated before giving anaesthesia (after pre- 
medication) Neonates vith adequate muscular tone and normal re- 
flexes are intubated under anaesthesia after administering depolaiiz- 
ing muscle relax ants Patients vhose condition is intermediate be- 
tween those tvo gioups should bo intubated under anaesthesia after 
a short hvpervontilation 

Anaesthesia of neonates is usually mducaii by inhalation anaesthet- 
ics becau‘-o then effect is easier to control But in some cases where 
multi-component anaesthesia with neuioleptanalgesics or sodium 
oxxbate is indicated, anaesthesia is induced intravenously (intramus- 
culaih xMtli ketamine) 

Depending on indications and technical facilities, several varian s 
of induction anaesthesia are possible in neonates, e g , nitrous oxide 
with ox j gen -}- halothane, tiacheal intubation nitrous oxide 
with oxvgen -J- halothane, or promedol, nitrous oxide with oxygen + 
+ halothane, or cj clopropane -|- tracheal intubation, nitrous 
W'lth oxvgen -}- halothane -f muscle lelaxaiits -f- tracheal intuba- 
tion, neurolept analgesics -j- nitrous oxide wutli oxygen -f- muse 
relaxants -f tracheal intubation, ketamine + nitrous oxide witn 
oxygen -}- muscle relaxants -f tracheal intubation 

It is quite natural that other variants are possible depending on 
experience and skill of the anaesthesiologist, presence or absence ot 
particular medicinal prepaiations, and special op- 

Mainienance of anaesthesia begins after the end of t 
nod and terminates with signs of recovery Type of 
neonates, as well as for all other patients, should e length 

mg on the initial condition of the patient, the to m- 

of operation, and skill of the anaesthesiologist is neonate’s 

member that objective and accurate assessmen fore when 

condition is much more difficult than of an adu , a , ’ ggggt 

selecting the type of anaesthesia, it is necessary o m 
of various factors on the child , ,, 

Multi-component general anaesthesia is 3^1 

nates Simple one-component anaesthesia is .i 

less frequently used is local (infiltration) Anaesthesia is 

One-component anaesthesia with nitrous «^‘de II 

induced and maintained with nitrous oxide and 
the ratio of 2 1 or 3 1 (endotraclieally or by mask) 


12-01222 



178 


Part Two Paedialiic Anaesthesia 


Indications small e\tracavitary operations (incisions, opening of 
abscesses, puncturing of cavities or vessels, endoscopy, painful dres- 
sing) 

One-component anaesthesia with halothane. Anaesthesia is induced 
and maintained with halothane and oxygen The concentration of the 
anaesthetic is increased gradually to the level not exceeding 0 015 1/1 
(1 5 per cent v/v) Anaesthesia is given endotracheally or by the mask 
The indications are the same as for nitrous oxide anaesthesia. 
Contraindications physiological and other jaundice, and disorders 
in myocardial contractility 

Multi-component anaesthesia with nitrous oxide and halothane. 
Anaesthesia is induced and maintained ivuth nitrous oxide, oxtg’cn 
and halothane Anaesthesia can be given with or ixithout muscular 
relaxation, endotracheally or by the mask Indications most opera- 
tions Contraindications diseases of the liver and severe ciiculatory 
disorders 


Multi-component anaesthesia with neuroleptanalgesics Induction 
anaesthesia droperidol (0 3 mg/kg) and phentanyl (0 008-0 01 mg/kg> 
intravenously, nitrous oxide and oxygen (2 1) and muscle relaxants 
(tracheal intubation) Anaesthesia is maintained with nitrous oxide 
and oxygen (1 1) and phentanjd in decreasing (Vg-^/g of initial) 
doses Indications prolonged injurious operations in children with lie- 
pa ic ys unction and complications on the part of the cardiovascular 
system Contraindications markedly decreased volume of circulat- 
ing niood and pronounced dehydration 

anaesthesia with ketamine. Induction anaesthe- 
^ p intramuscularly m a dose of 10-12 mg/kg Anaesthe- 

or bvX^p'.rV'^ 'f (2 1), endotracheally 

dial mjurious operations, decreased myocar- 

cations hvnori. ^ypovolaeniia, low arterial pressure Contraindi- 
for multi-rrfTnTifJ ^^yP^^^-^^sion Ketamine can be used 

Ketamine 3i with nitrous oxide and halothane, 

Aetamine is administered intramuscularly in a dose of 6-7 mff/kn' 

(1-1 TperSwvf not exceed 0 01-0 015 1/1 

Multi- component epidural anaesthesia The emdural snace of 
riTsVerZTlT^ """ catheterized as in chilTren of 
of neonates in a rin “^o^aine solution is used for epidural anaesthesia 
exceed fml ner%inSn^ ^ase the dose should not 

epidml anaithesia. rreporteVby mosT”?!, 

IrLe ar Tnal n,L. ‘ 2 the fall 

iMha! Srpi™™ 5-8 per cent of the 

utes after the P'e-operative level xn20min- 

inistration The arterial pressure thus returns to 
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the initial level by the moment the operation is started The an- 
aesthetic should he administered repeatedly in 1 hour (V,-Vo of 
initial dose) 

Epidural anaesthesia can he used independently during correc- 
tion of congenital growth defects of the gastrointestinal tract Neo- 
nates behave quietly during operation and often fall asleep Adequate 
relaxation of the abdominal wall provides good conditions for ma- 
nipulations in the abdominal cavity Multi-component epidural an- 
aesthesia is indicated for teratoma of the sacrococcygeal region, in- 
testinal obstruction, peiitonitis, and diaphragmatic hernia in neo- 
nates 

The neonate’s condition is controlled and his homeostasis during 
operation is maintained as in children of other age But as distinct 
from older children, neonates should be auscultated (along with mon- 
itoring) to follow the character of heart sounds and the pulse on the 
peripheral arteries The anaesthesiologist can thus detect the early 
signs of disorders in the heart’s action and prevent their progress An 
oesophageal phonendoscope is suitable for the purpose 

The loss of liquid during operation should obligatory be compen- 
sated completely in neonates It has been found that in order to cor- 
rect the liquid deficit, which is not associated with the blood loss (if 
the surgical injury is not vast), not less than 4-6 ml/kg per hour of 
rheopolyglucm or a 10 per cent glucose solution with Ringer’s solu- 
tion (1 1 ) should be administered If the injury is vast, the rate of 
administration should be not loiver than 8-10 ml/kg per hour The 
blood loss should be restored completely but not obligatory with 
whole blood in some cases blood substitutes should be preferred If 
the initial haemoglobin content was high and the blood loss during 
the operation does not exceed 10 per cent of the circulating volume, 
blood transfusion is not obligatory Blood extenders, glucose and 
salt solutions are used instead If the blood loss is from 10 to 20 per 
cent of the circulating volume, 60 per cent of the loss is replen- 
ished by whole blood and 50 per cent by other solutions If the 
blood loss exceeds 20 per cent and more, 3 should be whole blood 
and Vg blood extenders and solutions It should be remembered 
that freshly-citrated blood (stored for not more than three days) 
may only be transfused to neonates (especially during their first 


week of life). ^ „ 

Body temperature is very important It is necessary to remember 
that subnormal temperature which is common m neonates during 
anaesthesia and operation can become the cause of many complica 
tions in the early post-operative period The breathing gas gnen for 
anaesthesia should therefore not only be humidified hut also warmed 
up, the temperature of solutions for transfusions be 3/ C 

Recovery from anaesthesia is a very important stage Spontaneous 
respiration is restored in neonates slower than in oldei childien Bu 
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if anaesthesia was adequate (anaesthetics or muscle relaxants were 
not overdosed), spontaneous respiration is usually restored soon af- 
ter discontinuation of artificial lung ventilation If respiration remains 
shallow and irregular, it is necessary to continue artificial venti- 
lation of the lungs until spontaneous respiration is adequate If the 
operation was long and injurious and if promedol and neuroleptanal- 
gesics were used as anaesthetics, artificial lung ventilation should be 
continued in the intensive therapy unit, the transition to spontane- 
ous respiration is gradual When the child begins breathing sponta- 
neously, the Gregory method (constant positive airway pressure) 
should be used with constant control of the blood gas tension and 
with observation of the child by the physician As soon as sponta- 
neous respiration is restored, it is very important to see that the air- 
ways are free, which is important to prevent respiratory distress (hy- 
poventilation, atelectasis, pneumonia, and the like) 

Infusion therapy, ivhich begins immediately after operation, is a 
logical continuation of the therapy that was begun during the pre- 
operative period and during anaesthesia The therapy is, first of all, 
directed at correcting circulatory disorders and also water-electro- 
lyte and acid-hase balance 

A special couveuse is used to transport a neonate into the hospi- 
tal and from the operating room Special temperature and humidity 
•conditions are maintained in the couveuse and its atmosphere is en- 
riched with oxygen 

Severe disorders in the vital functions are likely to occur in an in- 
fant during recovery from anaesthesia after vast and injurious opera- 
tions The danger even more increases since all disorders form a kind 
•of a vicious circle, where dysfunction of one system involves disor- 
ders in haemostasis All methods of intensive therapy should there- 
fore be used during recovery from anaesthesia and they all should be 
nimed at correcting respiration, blood circulation, metabolism, ener- 
gy and temperature balance, and other body functions The mam task 
•of the anaesthesiologist is to prevent possible disorders 

SOME SPECIAL CASES OF ANAESTHESIA 

Atresia of oesophagus The amount of preparatory measures de- 
pends on the gravity of the neonate’s condition If a defect is revealed 
during the first hours of the neonate’s life (in the absence of con- 
current defects) and the respiratory function is normal, the prepara- 
tory measure includes only placing the neonate in a couveuse (ele- 
vated head end) where special climatic conditions are maintained 
The proximal end of the oesophagus and the oropharynx should be 
constantly cleaned by aspiration The operation should be performed 
practically immediately as soon as the blood group and the Rhe- 
sus factor have been determined No premedication is required 
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(especially with tracheo-oesophapeal fistu 
diagnosed in time, the neonate usually develops marked as- 

dratinn distress, hypovolaemia, and dehy- 

nennato P^e-operative procedures usually take 24-72 hours The 
uhflJx ^ IS placed m a couveuse with an elevated head end The oro 
pharynx, the proximal end of the oesophagus and the tracheohronSr 
side S' constantly cleaned The negate is turned fror side to 
Se af Inhalations and percussion massage are 

tiorrfno?^ If hypoxaemia due to aspira- 

lon pneumonia is significant, it is recommended to conduct oxygen 

wfL™'*'’' Gregory method should l7iZ 

the n danger of penetration of the gastric contents into 

the bronchial tree is thus decreased The neonate should simultaneoSs- 
TnrrrS O'^amined and giyen infusion therapy to correct volaemic and 
microcirculatory disorders, to eliminate dehydration andtonormal- 
e acici-hase balance and metabolism This is attained by glucose, 
diPumin, blood plasma, rheopolyglucin, and potassium chloride’ 
loaa-spectrum antibiotics, preparations improving metabolic pre- 
sses in the myocardium and immune processes in the body are ad- 
ministered 40 minutes before anaesthesia, 0 2-0 3 ml of vikasol is 
injected intramuscularly. 

Anaesthesia is induced either using the apparatus with the mask 
y which halothane (0 01 1/1 or 1 per cent v/v) with nitrous oxide and 
ci^Jgen (2 1) are administered, or by intravenous administration of 
odium oxybate (100 mg/kg) and promedol (0 3 mg/kg) The trachea 
s intubated after administering of 2 mg/kg depolarizing muscle re- 
axants (premature and asthenic neonates can be intubated without 
^®f^^ation of their muscles) 

The lungs are ventilated by a semi-open method (the Ayre-Rees 
^^^^fi^^ation) Anaesthesia is maintained by breathing halothane 
M 4 I/I or 0 5 per cent v/v) with nitrous oxide and oxygen 

(11 or 2 1), or by neuroleptanalgesics 
Liquid loss IS replenished at a rate of 8-10 ml/kg per hour, blood 
f ^Iiould be replenished completely 
After operation the neonate is transported to thCward where he 
nreathes oxygen through the tube, which is not removed after opera- 
under constant positive airway pressure (Gregory method) 
measures taken during the early post-operative period are a log- 
ical continuation of measures that were taken during the pre-opera- 
Rve period, during the operation and anaesthesia During the first 
two days following the operation, the neonate is given total paren- 
teral nutrition 2 g/kg protein, 4 g/kg fat and 12-14 g/kg carbohy- 
drates On the second day (in the absence of congestion in the stomach) 
the neonate should be given 5 ml of a 5 per cent glucose solution at 
-^^'hour intervals (through the tube) On the third day the neonate is 
Siven 5 ml of breast milk at two-hour intervals, this portion should 
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lie increased daily As the amount of food given per os mcieases, the 
amount of nutrients given par enter ally should be decreased according- 
ly 

Congenital diapliragmatic hernia The type of anaesthesia during 
operations for diaphragmatic hernia in neonates depends on disorders 
in gas exchange and blood circulation caused by the collapse of the 
involved lung and impaired gas exchange in the intact lung as a re- 
sult of displacement of the mediastinal organs to the opposite side, 
this IS manifested by acute respiratory and cardiovascular failure 
The earlier the signs of these disordeis develop, the worse the prog- 
nosis Since the abdominal organs are displaced into the thoracic cav- 
ity, the ventilation of the lungs cannot be impioved and the cii- 
culatory disorders cannot be corrected Pie-opeiative measures are 
thus useless, moreover, they may be dangerous 

Premedication, induction and maintenance of anaesthesia are prac- 
tically the same as during operations for oesophageal atresia In 
all cases the trachea is intubated after administration of depolariz- 
ing muscle relaxants It should be remembered that after the admin- 
istration of muscle relaxants, hyperventilation of the lungs should 
be carried out very carefully and with a small tidal volume because 
forced respiration can cause a rupture of the hypoplastic lung and 
pneumothorax This should also be borne in mind when performing 
artificial ventilation of the lungs to maintain anaesthesia, adequate 
minute ventilation should be ensured by increasing the respiration 
rate rather than the tidal volume The specific feature of anaesthe- 
sia during this operation is that effective relaxation of muscles is 
necessary to ensure better and less traumatic conditions for replace- 
ment of the stomach, intestine, spleen, and the liver into the abdo- 
minal cavity 

Spontaneous respiration is not ahvays adequate during early post- 
operative period and prolonged artificial ventilation of the lungs is 
therefore required The maximum inhalation pressure should not 
exceed 20 cm HgO because of the danger of rupture of the hypoplastic 
lung 

When spontaneous respiration is restored it is recommended to 
maintain constant positive pressure in the airways for several hours 
The resistance to expiration should not exceed 5 cm HaO It is im- 
portant to control possible restrictive changes in the respiration and 
gas exchange that can be due to increased intra-abdominal pressure 
caused by displacement of some organs from the pleural cavity into 
the underdeveloped abdominal cavity It is especially important there- 
fore to prevent intestinal paresis in such patients This can be at- 
tained with epidural anaesthesia, potassium preparations, prose- 
rine, and hypertonic enemas Enteral nutrition should be complete- 
ly suspended for at least 3 or 5 days, all energy expenditures should 
be replenished parenterally 
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Preparations controlling hypertension in the lesser circulation 
should be administered during the post-operative period. 

Lobar emphysema. The de\elopment of the valvular mecha- 
nism in the bronchi of the involved lobe, the absence of cartilage in 
them, and aKo undcrdc\elopment of elastic tissue in the alveolar 
^^alls cause the rapid distension of the involved lung lobe It occu- 
pies a large Nohimc and displaces healthy portions of the lung to 
Compress the non-in\ol\ed lung portions, thus impairing their ven- 
tilation llj percapnia and hypoxaemia rapidly develop Displacement 
of the mediastinal organs to the opposite side and compiession of the 
large vccscK intensify In povia and piovoke cardiovascular failure 
In emergency cases opciations should be performed immediately 
aflei the diagnosis has been established No premedication is there- 
fore carried out Anaesthesia sliould be done by the same method (as 
described nbo^e) The special featuie is that tlie trachea is intubated 
onlj, when the surgeon is leady to pcifoim thoracotomy This is ex- 
plained by the danger of o\ei distension of the emphysematous lobe 
during artificial ^enlllatlon of the lungs with subsequent abrupt im- 
pairment of tlie licart’s action S5 niptomatic therapy is indicated dur- 
ing the earliest post-opciatnc period Nutrition can be given per os 
enh in G hours after tcimination of anaesthesia 

Pjlorostenosis Tlie prcpnralorv measures include infusion therapy, 
'vliich IS maiiilv aimed at lemo^alof dehydration circulatory disor- 
ders, correction of the acid-base balance, and the protein and energy 
metabolism Duiation of pre-operative treatment depends on the 
gravity of the patient’s condition and vanes between 24 and 72 
hours 'Ihe gastric contents should constantly be removed by aspi- 
ration with subsequent compensation of liquid and electrolyte loss 
by infusion of salt solutions Symptomatic treatment should be car- 
ried out for indications Tins should be aimed at eliminating the as- 


piration syndrome ' ,, 

Following prcmedication, immediately before giving anaesthesia, 
the stomach should be lavaged, the tube should not be 1 amoved from 
the stomach aftei lavaging The type of anaesthesia depends on the 
skill of the anaeslhesiologist In the absence of a skilled anaesthesiol- 
ugist an operation can be performed with local infiltration anaesthe- 
sia using a 0 25 per cent procaine solution In order to quiet an in- 
fant, he is given a soother wetted m a glucose solution with alcohol 
Pylorotomy can be done with epidural anaesthema, one-component 
ketamine anaesthesia (10 mg/kg intramuscularly), halo thane in he 
concentration of 0 01-0 015 1/1 (1-1 5 per cent v/v) with nitrous oyde 
and oxygen 12 1) This gaseous mixture ensures adequate relaxation 
of muscles without interfering with the respiratory function, anaes- 
thesia can thus be given by face mask 
The therapy during the earliest post-operative period 
tion of the therapy that was begun before operation aimed at 0 - 
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reeling tlie water-electrolyte, protein and energy metabolism, and 
acid-base balance 

The infant should be placed with his head in an elevated position 
in an oxygen tent Nutrition begins on the next day 5 ml of breast 
milk at 2-hour intervals, the portion daily increased not more than 
by 10 ml The protein and caloric demands are fulfilled by parenter- 
al nutrition 

Congenital complete intestinal obstruction. The amount of pre- 
operative treatment depends on the degree of circulatory disorders, 
disorders in water-electrolyte metabolism, the degree of dehydration 
and clinical manifestations of circulatory disorders in the intestinal 
wall In the presence of signs of intestinal strangulation with upset 
circulation, the pre-operative treatment should not last more than 
4 hours If these symptoms are absent, the pre-operative procedures 
may last for 24-36 hours The neonate should immediately be placed 
in a couveuse (after preliminary intubation of the stomach and its 
irrigation) In the presence of clinical signs of aspiration pneumo- 
nia, oxygen therapy should be conducted in a plastic bag with con- 
stant positive pressure 

Pre-operative infusion therapy should in the first instance be di- 
rected at normalization of macro- and microcirculation (solutions 
of albumin, plasma, poly- and rheopolyglucin) Next, a glucose so- 
lution containing concentrated solutions of electrolytes for correc- 
tion of the water-electrolyte balance should be infused. The amoimt 
and composition of these solutions depend on the degree and type 
of dehydration and the time allotted for preparation for anaesthesia 
and operation 

Premedication is common (40 minutes before anaesthesia) Before 
anaesthetizing the neonate, it is necessary to make sure that his 
stomach is empty Anaesthesia should be conducted with endotra- 
cheal intubation (Ayre system) Induction anaesthesia should be 
done with the aid of apparatus and mask (halothane, nitrous oxide, 
oxygen) or intravenously (sodium oxybate, diazepam, promedol) 
The trachea should be intubated after administration of depolarizing 
muscle relaxants (except premature and weak neonates) 
Anaesthesia is maintained by various methods (epidural anaesthe- 
sia, neuxoleptanalgesics, halothane + nitrous oxide + promedol). 
Any type of anaesthesia, except epidural, should be supplemented 
with a 0 25 per cent procaine solution injected into the mesenteric 
root the concentration of the- mam anaesthetic (or the dose of the 
repeatedly administered analgesic) can thus be decreased and rela- 
xation of muscles improved 

During operation liquids should be infused at a rate of 10-12 ml/kg 
per hour because much liquid is evaporated from the surfaces of the 
open abdominal cavity (greater than during any other operations). 
Blood loss should be replenished 
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After operation the neonate should he kept in the special climatic 
conditions again If the operation i\as small and not injurious (cor- 
rection of toision, inci'^ion of commissures), the neonate can be giv- 
en breast milk (5 ml) immediately after peiistalsis of the intestine 
IS restored (usually on the second day aftei opeiation) Infusion ther- 
apy should comply with the type and degree of dehydration 
Management of patients after resection of part of the intestine is 
much more difficult Dccompiession and drainage of the gastrointes- 
tinal tract abo\e the point of anastomosis are important measures 
The amount and composition of the fluids lost should be accurately 
determined and replenished Mcasuies against possible paresis of the 
gastrointestinal tract arc obligatory epidural anaesthesia, potassium 
preparations, proserine, hjperloiuc enema, and hyperbaric oxygen- 
ation Peristalsis restores and anastomosis begins functioning usual- 
ly in 3-5 dajs (sometinics latci) During this period of time nutri- 
tion should be parenteial piotein hydrolysates or ammo acid mix- 
tures, fat emulsions, carboln drales The energy loss should be replen- 
ished by consuming l20-‘l40 kcal/kg a day Giving food per os 
can only be started aftei dG\elopment of satisfactory peristalsis 
and after congestne material is no longei discharged from the 
stomach „ 

Infusion thcrapN sliould be started from the very first posj-opera- 
tive hours It is a logical continuation of the therapy that took p ace 
durmg the pre-operatne period and during operation 

Peritonitis Pre-operative treatment of neonates with peritonitis 
usually lasts for 2-i hours and is directed at control of intoxication, 
correction of haemodynamic, vater-clectrolyte and 
ders The object of the pre-operative treatment is not to e^™“ate 
the disorders (only surgical operation can do it), 
homeostasis in order to minimize the risk associated with anaesth 

“ teltrach'of the neonale should emptied thiough ajas^^^^^^ 

tube, which should remain in the stomach till th P 

Liquids should be infused at a rate of 10-15 p , jvducin 

Jused liquids are glucose, hemodes or f 

albumin, or plasma Moreover, symptomatic th^ Py ^ 

action of the heal t and the sympatho-adrenal be 

Tied out Analgesics and antibacterial preparations should also 

i„ operauoas for P-tton.Us does not prao^ 
fcom that for mtesl.nal obstruction “ vLTE”- 

maesthcsia sliould be preferred (nitrous f " “et ately 

■0 of H, i„ combination ivith ■=Ptr‘e?rfrom anLsthSm ar^^^^^ 
after lormination of operation r c necessary When 

ucial lung ventilation for 3-6 hours , his spontaneous res- 

tbe patient needs artificial ventilation no g » 
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piration should continue for 2-4 hours under constant positive pres- 
:sure m the airways 

Infusion therapy is a logical continuation of the therapy that was 
begun before the surgical operation It is used to control intoxica- 
-tion, volaemic and microcirculatory disorders, water-electrolyte and 
metabolic disorders in the body If the renal function is normal, the 
treatment should include forced diuresis with hourly control of uri- 
nary discharge 

Intestinal paresis and parenteral nutrition are controlled as in neo- 
nates with congenital intestinal obstruction 

Glycosides, preparations improving metabolism in the heart mus- 
cle (cocarboxyiase, panangin, calcium chloride, unithiol, compla- 
min) are used for cardiac disorders Direct blood transfusions are 
used to stimulate the protective forces of the body Enteral nutri- 
tion begins with 5 ml of breast milk (only after restoration of peri- 
stalsis and free patency of the gastioinlestinal tract) 

Umbilical hernia No pre-opeiatne treatment is lequired because 
neonates should be operated during the first hours of their life The 
neonate should he kept in a couveuse An elastic tube should be 
passed into the stomach before operation Symptomatic therapy can he 
given if necessary Premedication and induction anaesthesia are 
common The trachea is usually intubated without muscle relaxants 
The lungs 'should be ventilated artificiallj according to theAyre meth- 
od Anaesthesia should be maintained vith nitrous oxide, oxygen 
and halothane, or epidural anaesthesia It should be remembered 
that maximum relaxation o^ muscles is required vhen repositioning 
the protruding parts into the abdominal cavity hluscle relaxants 
are therefore often used 

The early post-operative period is characterized by adaptation of 
the neonate to the high intra-ahdominal pressure and hence to restric- 
tive respiratory disorders During the first few days the neonate is 
fed parenterally, epidural anaesthesia and sessions of hyperbaric oxy- 
genation are also carried out to promote a rapid resolution of intes- 
tinal paresis Food is given per os only after restoration of the intes- 
linal peristalsis Nutrition includes 5 ml of breast milk at 2-hour 
intervals with incieasing the daily dose not more than by 10 ml 
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Resuscitation is re\ i\ al or restoration of vital functions of patients 
in terminal stales or clinical deatli 

TERMINAL STATES AND CLINICAL DEATH 

lerminal stale is the final period of fading life which precedes 
liiological death The critical leiel of vital f 
irapairnient of the heart’s action, profound 
5nd melahohsni is usually called the terminal 

vith complete cessation of rcspiialion f^ed clinical death B o og 
ical death is characterized I’V eisible changes in the 

gans and tissues, and, in the first instance, in th ^ 

tern Depending on the preceding condition of ^ 

eausesof death, terminal stales may last foi v r P clmi- 

and include the following stages pieagona s , 

cal death (Fig 30) hv the general inhibition, fall 

The preagonal Uate aLlerated and small pulse, 

of the arterial pressuic below bO mm lie,, The ore- 

dyspnoea, ohangos m Iho T"iToL^ to 

agonal condition lasts fiora a few minu and resniratory dis- 

day) Th.s period is oharaotonrod by “ 1 ,“^ of und^^ 

orders, liy^oxia of organs and tissues “irenisorders m Si or- 
ovidized products This in turn causes marKea 

gans and systems of the body b^the absence of conscious- 

Agony IS the condition characterized hyji pressure isun- 

ness and eye reflexes The heart sound gggeis is thready and im- 

determinable The pulse of the -^ration is rare and convul- 

palpable, on the carotids, it is weak P ^ minutes to 

sive, or deep and fast The agonal l^^^pVngaTory and adaptive 

several hours During agony Sding respiration and blood 

functions of man are often activated, Piousness can be regained 

circulation are often reactivated an j ^lon of underoxidized 

for a short period of time A rapid accumulation 
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substances, inadequate respiration and circulation exhaust the com- 
pensatory mechanisms and cause cessation of respiration and heart 
action 

Clinical death This is the transitory state between life and actual 
death, during which irreversible changes do not yet take place in the 
most vulneiable tissues (first of all in the central nervous system) 
This accounts for the possible revival The onset of clinical death is 
characteiized by the following signs absence of consciousness, res- 
piration or blood circulation, complete areflexia and maximum dila- 
tion of the pupils The length of clinical death depends on the time 
during which the cerebral cortex can survive without blood circula- 
tion and respiration, and also on the following factors 1 — the condi- 
tion of the patient in the state of clinical death, 2 — the character 
nnd duration of the period preceding death, 3 — the cause of heart ar- 
rest, 4 — age, and 5 — body temperature 

Terminal state, and clinical death in particular, are characterized 
by drastic disorders occurring in all vital functions the content of 
sugar, glycogen and macroergic phosphorus compounds (ATP, 
ADP) drops sharply, lactic acid content increases, the content of 
easily hydrolysed amide groups of proteins and conjugated amide 
groups decreases, and the ammonia concentration increases The cells 
of the cerebral cortex and the cerebellum are most vulnerable, the 
cerebral trunk is affected much less significantly Automaticity func- 
tion and heart conduction are preserved for 20-30 minutes after the 
onset of clinical death The renal function is seriously upset due to 
decreased renal blood flow, active and passive reabsorption and sec- 
retion in the tubules are inhibited Vast affections of the renal and 

bepatic parenchyma may develop , , 

The terms clinical death and terminal state can be associated with 
the term cardiac arrest and cessation of respiration, and vice v rs 
Cessation or inhibition of any other function with 
ration and circulation of blood do not yet indicate e 

mnal state or clinical death , Rncmration 

Aetiology Causes of terminal state are quite varied f 
can be stopped in children in severe injuries, burns, 
leg), carbon monoxide poisoning, poisoning 
stances, toxicoses, and inflammatory diseases 
eia, sepsis, and the like), inhalation of/eert gases (heli^), nitron 
cxide, etc The most frequent cause of cessation of 
asphyxia in children is obstruction of the eiiV^ys respi- 

gy due to some anatomical and physiological prop 

oxygen deficit, heart diseases, injuries, th“Sy“ear- 

preparations which act mostly on the heart, ^ alvcosides, eu- 

(adrenaline, procaine, novooainamid, cardiac glycosiaes. 
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phylline) Heart can stop due to o\ei dosage of narcotic substances, 
water-electrolyte disbalance, c g , rapid injection of potassium 
preparations, and hyperthermia The heart stops by reflex in chil- 
dren more often than in adults, it occurs due to insufficient anaesthe- 
sia during manipulations on the reflexogenic 7ones, e g the solar 
plexus, the lung root, during incision of the skin Ilypoxolaemia, 
loss of blood or plasma, is especiallj dangerous in cbildren Insig- 
nificant loss of blood can result in marked bypovolaemia and cessa- 
tion of blood circulation 


Pathogenesis The mechanism of cessation of respiration can be 
explained by the disturbed oxygen supph to the lungs due to tiie 
mentioned causes Severe hjpoxaemia, hjpoxia, bx'percapnia, and 
metabolic acidosis inhibit tlie respiratory centre Ibe mechanism 
by yhicli the heart stops is xaried and complicated For example, 
overdosage of anaesthetics inhibits directh the conduction sjstem 
of the heart Anaesthetics block the respiratorj link in the Krebs’ 
cycle, inhibit the production of ATP, and decrease the normal func- 
tion of the cell and its sensitixutv The reflex arrest of the heart 
is usually the result of strengthening reflexes of the ner% us x agus, es- 
pecially in the presence of hypercapnia Marked disorders in potas- 
sium metabolism cause cardiac arrest because potassium is involxcd 
in the carbohydrate metabolism and it thus has its effect on 
contractions of the muscular fibres In many cases the heart stops 
because of combination of hypoxia, hypercapnia, metabolic acidosis, 
and hyperkalaemia, which upset the excitability, conduction and 
contractility of the heart muscle 


stops in various intoxications due to upset metabolism, 
which disturbs energy formation and conversion of chemical energj’’ 
ot the myocardium into mechanical energy 

Clinical picture and diagnosis The clinical picture of terminal 
state and clinical death is characterized by a full cessation of res- 
piration and blood circulation, by complete absence of either of 
these functions, or their marked depression The signs of marked 
^pression or absence of respiration are cyanosis of the skin and the 
lips, complete absence of respiration or the presence of only slightest 
mspiratory excursions, which are performed by accessory muscles 
Ihe absence of respiration is difficult to establish by mere observa- 
tion of the chest The only reliable sign of lung ventilation is exha- 
lation It can be detected by placing the bell of a phonendo- 

^cope (without membrane) or the ear to the mouth or nose of the 
patient 


Cessation of blood circulation often begins with prodromal signs 

2-bradycardia or marked tachx car- 
dia attended by circulatory disorders and arrhythmias 3-changes 

(rapidly developing cyanosis, greyish 
colour of the skin), 4— irregular respiration, 5— appearance of ven- 
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tricular extrasystoles, ventricular tachycardia, atrioventricular block 
of the 2nd and 3rd degree (ECG) 

A sudden arrest of the heart is characterized by the following 
1— absence of pulse in large arteries (the common carotid and fem- 
oral artery); 2— cessation of respiration, 3— absence of conscious- 
ness, 4 — absence of heart sounds, 5 — dilation of the pupils, 6 — 
pallor and cyanosis of the skin 

The absence of pulse on large arteries is the earliest sign of stopped, 
blood circulation Dilation of the pupils is a relatively late symptom 
of brain hj^poxia It develops 30-60 seconds after a sudden stoppage 
of blood circulation, this s 5 ^mptom should not therefore be waited 
for After the arrest of the heart the skin is usually ash-grey Cyano- 
sis develops if hypoxia is the cause of stopped blood circulation 


MANAGEMENT OF TERMINAL STATE RESUSCITATION 

Terminal state and clinical death discontinue all vital functions 
of the body The decay of the central nervous system is most danger- 
ous It has been shown experimentally and established clinically 
fhat the cells of the cerebral cortex can live no longer than 3-4 minutes- 
in the absence of oxygen Clinical death can sometimes last longer 
in the presence of hypothermia when the oxygen demand of the- 
cells is low 


remember 3 or 4 minutes is the time reserve within 
which a child with stopped blood circula- 
tion and respiration can be revived 


At present the only means of saving the cerebral cortex from 
decay m conditions of hypoxia are artificial lung ventilation, gas 
exchange and circulation of blood 


The mam requirement of resuscitation is 
maintaining artificial ventilation of the 
lungs and cardiac massage (artificial cir- 
culation of blood) 


Since the time during which successful treatment of children 
in the state of clinical death is very short, resuscitation measures 
should be started by the person who is the first to arrive at t le 
site of accident This person may or may not have any medical 
education or skills Resuscitation measures are conducted in the 
absence of spontaneous respiration and blood circulation But if a 
Jhctim IS in the terminal state, preagonal or agonal condition (vi h 
signs of marked inhibition of respiiation and blood circulation). 
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Fig 31 Cleaning ainvajs 

a~rcmo\al of liquid from airua\sof 
neonate, 6~remD\ing liquid from 
am\ajs of 2-i-^ ear-old child, c— re- 
moving liquid from airways of older 
children, d — removal of solids from 
ainvajs of older children bv striking 
on the back, c — removing solid mat- 
ter from ainvavs of an infant 


resuscitation measures should be taken without waiting for complete 
■cessation of blood circulation or respiration 


Do not waste time to establish an absolute- 
ly correct diagnosis of stopped respiration 
or blood circulation Do not wait for EGG 
proofs Resuscitation measures should be 
started at the moment when clinical death 
is suspected. 


Cardiopulmonary resuscitation can conventionally be divided 
into two stages The first stage (it is sometimes called premedical) is 
the re-establishment of patency of the airways, artificial ventila- 
tion of the lungs, and closed chest cardiac massage The second stage 
is a qualified medical aid including measures aimed at restoration 
of spontaneous circulation of blood and respiration (medicamentou£ 
therapy, electric stimulation of the heart, defibnllation) and post- 
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resuscitation management of children Re-establishment of the heart 
and lung action is sometimes called primary or direct resuscitation 

This can be shown as follows nnt 

1 Mark the time of cardiac arrest Give no medicines do not 

waste time! 

2 Clean the victim’s airways to ensure their Patef Y ^ 

3 Place the child on his back over a rigid support (floor, tab , 

Perform 2 or 3 artificial inhalations (mouth-t^^^^^^ 

an air bag, or from the mask of 1 pressure to the chest 

5 Start closed chest cardiac massage (app y P 

or 5 times) . , Inncrs either by the mouth- 

6 Continue artificial ventilation of th g cardiac massage 

to-mouth tech nique or by the mask Continue cardiac m . 
four pressure strokes per each inhalation mouth-to- 

7 Continue artificial ventilation of the ^ in 

mouth method or by the mask, in u massage Administer 

and if necessary Continue closed eh jj^^-arbonate intracardially 
adrenaline, calcium chloride and sodium bicarnona 

the head and the large vessels 

9 Start an electrocardiograph aspiration, continue 

10 Clean the tracheobronchial tree by ^ 

artificial lung ventilation If ^ t cardiac massage fails to 

a high-oxygen gas mixture If clos massage on the open 

pve results in 2-3 minutes, perfo , g calcium chloride and 
lieart Give another injection of epmeplirine, 

sodium bicarbonate If necessary, apply a defi- 

ll Continue artificial respira 

brillator 

13-01222 
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Fig 32 Introducing an airwaj by stages (a) and (/;) 

12 Contintie artificial respiration Perform tracheostomy, if 
necessary Continue cardiac massage If mucli blood is lo'=t, trans- 
fuse blood intravenously and intr.a-ai tonally 

As can be seen, the resuscitation mea'^ures should be performed 
in a strict order Artificial ventilation of the lungs and cardiac mas- 
sage should be performed simultaneously, or to bo more e\act, al- 
ternately 

The airways should be cleaned by ^a^lous methods, depending 
on circumstances (Fig 31) If the airways contain insignificant 
amounts of extraneous matter, the following should be done a — 
the child IS placed in supine position o^e^ a rigid support (table or 
the like), b — the child’s head is pulled back sharply, c — Ins lover 
]aw is pulled forward, d — the mouth and the pharynx are cleaned 
using a tampon, e — an airway is passed into the mouth, f — if necessa- 
ry, the trachea is intubated and the tracheobronchial contents 
removed by aspiration 

Much liquid can be removed from the airways of a neonate or a 
nursling by holding him by the legs with the head down The child 
unbends slightly his head in this position and the extraneous matter 
can then be removed from his mouth using a finger If a child is older 
than one year, he may be placed on the resuscitator’s lap and Ins 
head lowered down 

When resuscitation measures are being taken, the child should 
be placed in a horizontal position (except certain moments when 
It is necessary to free his airways from large amounts of fluids). 
The child’s head should preferably be slightly lowered and turned 
on its side A rest should be placed under the shoulders so that the 
child’s head is tilted back Extreme backward position of the head 
or its resting against the chest can narrov the airv ays due to retrac- 
tion of the tongue root 
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Deflexion of the head is a simple manipulation It ensures free 
patency of the an ways hy stretching tissues located between the 
larynx and the mandible The tongue root is thus moved away from 
the posterior wall of the pharynx Maximum deflexion of the head 
opens the airways in 80 per cent of unconscious patients The head of 
a child should he tilted hade with two hands The resuscitator should 
stand at the head of the child or by his side One hand should be 
placed under the patient’s neck, while the other hand is on the child’s 
forehead to deflect the head maximum The head of infants may 
be deflected hy one hand only hy pressing the mandible (at the 
chin) backward and upward (with respect to the patient’s position) 

The mandible of an unconscious patient should be pulled for- 
ward This can he done in three stages a — the mandible is lowered 
by pressing the chin below the lip by both thumbs, the 2nd and 3rd 
fingers of both hands are placed on the angles of the mandible, b 
the mandible is pulled by the 2nd and 3rd fingers anteriorly to dis- 
place the lower teeth vuth respect to the upper ones, c the mandible 
IS lifted and held in this position by the 2nd and 3rd fingers during 

the entire procedure .. 

In order to keep the tongue in the desired (forward) position, 
aiiways (Fig 32) are used As the airway is passed into the mouth. 
It IS not necessary to hold the mandible any longer, which facilitates 
significantly the further resuscitation measures In case ot tris- 
hius, the mouth can be opened by introducing the 2nd finger e ween 
the last molars In some cases it is necessary to pull the tongue ot 


infants and fix it with tongue holder ,„+Q,mnn- 

The resuscitation measures are mainly aimed at ma ^ 

circulation of blood with the minimum possible arterial pressure 
(50-60 mm Hg) and at ensuring effective alveolar ventilation ot 
the lungs The lungs may be ventilated by the 
spheric air, or, which is better, by oxygen or an air-oxygen mix 
ture rpi 

Mouth-to-mouth or mouth-to-nose artificial J 

techniques require no special apparatus, ^ , hpad of the 

vantage The procedure is performed ^ Presses 

Victim IS deflected as much as possible by the ,, blows air into 

his mouth to the mouth of the child and jfis 

his lungs (the nostrils of the child should e p , aside and 

operation) The head of the patient should then be m 
the resuscitator must be sure that the child s c upper ab- 

If air passes into the stomach, it remains t^or , pressure 

domen rises with each next artificial pa- 

in the stomach displaces its contents into ^^rne natent and less 
tient’shead is pulled back, the Airways become patent ^anu^^^^ 

oir passes into the stomach If a gastric tu etomach is empty, it 
or If the resuscitator is not sure that the child s stomach is emp y, 
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Pjg 33 Artificial respiration (raoulh- 
to-moulh method) traouin 

G— blowing air into patient’s iun<’= 
b— exhalation 


>" tint in j>n on th^ 

^tniiiarh iirr'iU'-' i!>- rontMit'' 
m.t' 'r/‘t into the air.'a>- 

Xttifiri.i! month-to-fiionlh or 
inoiil h-lo-tiO'i* re-pir.'^ ton “^hosthl 

he perforinf (1 at a ial« of "iOr’ rlrs 
I>ri mitiatf for a itfon'l*" rtni 
for riidf r rhthlrrn Whrn 
re-u-rit it in*/ i'irojrt!r> atui nor*-!* 
nil!*-, thf fort f of h!o%. lOfT t-houhi 
lie .U' il f'r in order to prc'.cnt 
pO'-t-ihlc (iniiiaop (o the air.%i!%' 
anil Inn:!-- of the child (f'ltr 
f he rr tenon of f {firsmtrx of 
arhfici.ii rf“-pir.‘t ion !•- ‘•ufticicnl 
nio\ eiTienf ro the < he'-i end 
the dienhragni and Ic-t^enin" or 
dicnpprnranct' of ‘•ign** of Ji\p- 
OMo If the cliet-t does not rise 
in rc'-noii'^e jn hlovn nr. the 
airva\s •-hould he denned, or 
the rc'iucci tutor should pres'' his 
mouth more dot-el \ to the mouth 
arul''or no'-e of the Mctim to 
pre\cnl Icnkaeo 
Moulh-to-mouth and mouth- 
to-no'^o arlilieial respiration are 
the mo't effccliN 0 inelhod': since 


i^uMwi uireciu into the 

tion of eas exclnnee nn,? Tins promotes normalira- 

piratorv centre durino- "each d ' ^^^ex dirnulation of the res- 
aunng each distension of the puimona^^ tissue 

Moreo\cr, mouth-to-moulh arli- 
/ \ respiration has the follo^ung 

j Y •id\antages o\er other methods 

\ hands of the re^uscitator 


Pi? 34 \rtificial respiration 
gnon to a newborn b\ the 
moulh-lo-raoiilh-and-nose meth- 
od 
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Fig 35 Artificial lung ventilation by a face mask and an air bag 


remain free and he can thus feel the movements of the chest 
and discover possible obstruction of the airways 

Every medical worker must be able to perforin should also 

artificial respiration Health education , method 

include training in giving f 4°ed to convemence of 

S-tubes, masks and air bags should b -pip. 35 is widely 

giving artificial respiration An apparatus sho^ valve 

used for artificial ventilation of the lungs M the 

which closes when pressure is applied a artificial respi- 

bag IS thus expressed into the Patient W “ forward 

ration using this apparatus, the r „ The head should be 

and the mask applied tightly to the child s face ^ds The mask 
deflected and the air bag pressed until fhe exhale The cycle 

should then be removed so that the pa Ijo-M contact between 
should then be repeated In order to over the 

the mask and the face of the patient, th P ^ part over- 
nose should be pressed by the thumbs, fingers should be 

lying the chin, by the index fingers The otner nng 
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Pnrl'liirri’ Ri' ii“ri{'tffon ftitl 'II 


if MJM 

Ti'^od lo pull tlio (liiltr** (liin np''(U'l‘‘ .md R k } ri pir.iUoft 

indicates oh^-li uclinn of the ni,!\ Re fice fd rf!rt'* 

lion of the lonmie r<ioi ot at < tunul.il itoi <if -putoni "1 R» t> joriito»- 
%\ilh an air R.i!:^ tan Ra n^-t d l<i '-tippU an ait tn’^tuft ft>r 

aililicial \enlilation of llie Intid^ In an amiftilaott • ir or iu tii* 
hospital, the tliiid i*- t'i\en aitifina! if 'foraf itni innn i fi* lal 
appaialiis 

Artificial circulation of Idood, W ht n RR>od tiKiilftion di'^'^onli- 
niios, injection'' of mcdi(ina! ''iiR''l.in( t '• inli iMioao nr intra-'rt'- 
rial infusions f»i\c no effet l 1 Rn onI\ iiu an- Rj vRo is i iri uiafion of 
blood ran lie nnunt.uiH’d arliRtialU i*- f<rdia‘ in / •'ait Winn 
caidiat arrc'-t is ‘'Uspt>rt('d t Rt-ftl t h<> i nii'-un -Rimld ii ''‘.irled 
iniinodialclj, (Plate 'i) J Ik* ,Hi\anl,i"(- oj snihnft trio-f ri fR'-t) 
caidiac rna^-saoe are tli.it ii i,in Ri piiforiin'i! R\ iKKi-intdif »l par- 
‘'Onnol that it doe*' not retinue aii\ -pi'iitl t *intl>i inn-, tiid th '* no 
lime IS nctc‘-'',ir\ for opt'iiiiid iRi* t in ^t R,j tiir<{t nia*- ta< 

Closed chest c,irdiac niassafto J he tluRi i'- jiRctd »»n .* ricid '•up* 
poif If the ie‘'U<'( itatina; Rudatle un Indt s lAtt in r-oii*', tine ptrforni" 
cardiac ina‘''^<io(* \\ hilp t he otiiei •uliiHit! u '-jniafton W |i"n pf rforin- 
ing cardiac ma«s,ioo on an older tluhl iRp la-u'-i ilator plate- the 
heel of one hand on the lowei tliiitl of tin ''ii‘rni)'n and tin* lu'e) r»f 
the other hand on top of the tir-l (Fur h.) IVe-tuo -iimiRi Re ap- 
plied to the fhe-t at rcgnlni inters ak. at a rile tif aRttnt 70-S') ii*r 
minulo, sshich coiiC'-poiKk <>ppro\nnaf el\ to the he.irt rati of a 
cJiiia of this age In order to present fraiture- of tin* rilc' prc'-'-ure 
should not he ajiphod to the \iphoid or the vule- of the ihe-t Ilotli 
thumbs (Fig jT/j) oi isso linger- (Fig d7oj -honld be u-ed to apph 
pressure to the che-1 of infants or neonate- The re-u-tifalor puts 
one hand under the infant’s hack to support the left sulc of hi- che-t 
and uses one or tsso finger-tips of the other hand to apph rhvlh- 
mica pressiiie to the losser end of the sternum, ju-t abosc the Mphoid. 

le pressure exerted ':IiouId moso the -ternum I .1-2 cm tossard the 
spinal column and ensure a distinct artificial pulse ssasc on the 

tfn?/ artery The rale at ssbicli the pressure i- applied 

to the infant chest should ho 100-120 pei minulo 

massage is effectise, it manifests by the fol- 
tprioc^ •'ippearancc of pul^e on the carotid and radial ar- 

teries, 2— elevation of the arterial pie-sure to 50-70 mm JI", 3— 

of cyanosis or pallor and reddening of the" skin, 

bP^rTi To? T? ^ ® reaction to light, the eve-halls 

spontaneous respiration * 

dicatps 2-3 minutes m- 

conditmnQ Dnf chest cardiac massage in hospital 

Otlipr thnn cn ^^^1 or m policlinic conditions, or at clinics 

out for at cardiac massage should he earned 

out for at least 10-1.0 minutes Indirect cardiac massage is often effec- 
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Tig 36 Closed chest cardiac massage with two hands 



a 



^*g 37 Closed chest cardiac massage with (a) two fingers, (b) two thumbs 

l^ive with infants because their chest yields easily to the pressure of 
I'll© hand But if conditions permit, ineffective indirect cardiac mas- 
sage should be discontinued in 90-120 seconds in the presence of 
profuse bleeding, severe intoxication or myocarditis Direct mas- 
sage of the heart in the opened chest should be performed instead 
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Pail Tliicc Ik'SU‘-citalion iind Inton^uc Ihcr.ipj 


Relative contraindications to closed cliC't raidiac ma‘'Sngc aic (a) 
funnel-shaped chest, (b) fracture of several ribs, (c) bilateral pneu- 
mothorax, (d) cardiac tamponade, and (e) caidiac arrest in s\‘- 
tole 

Complications of closed chest caidiac nia^-^age are fractures of 
the nhs or sternum, pneumo- and haemothoiax 
Combined use of cardiac massage and artificial respiration. Clo'^ed 
chest cardiac massage should be performed simultaneoush vith 
artificial ventilation of the lungs These tvo operations should be 
alternated at a rate of 4 1, i e one artificial inhalation should 
he followed hy four pressure strokes 
Medicamenlous help during resuscitation Medicinal substances 
are administered only after cardiac ma‘'Sage is started Epinephrine 
or norepinephrine should be administered in a dose of 0 25 mg to 
neonates and to 0 5 mg to older infants and children (the degree of 
dilution IS 1 1000) Calcium chloride (2-5 ml of a 5 per cent solu- 

tion) should he injected together with adrenaline or bj a separate 
injection When the heart is compressed, blood is ejected from the 
left ventricle into the greater circulation and tlie heart vessels If 
the tone of the heart muscle fails to be restored, another adrenaline 
injection is required The calcium ion promotes con\ersion of energy 
into mechanical contraction of the muscle fibres Lo\\ calcium con- 
centration in the plasma and decreased intracellular calcium ac- 
count for decreased systolic force of the muscle and dilatation 
° fo adrenaline and calcium chloride, 

" ° cent sodium bicarbonate solution is also in- 

jected through the same needle After the heart has started beating 
again, w ml of a 20 per cent gluco'^e solution \\ith insulin and vi- 
tamins are injected intravenously to normalize myocardial meta- 


tnrp if ventricle A 6-8 cm long needle is used to punc- 

Sfp needle should pass perpendicularly to the sur- 

snarp^hv^hp®^°^“’ the 4th or 5th intercostal 

As the resilient muscle of 
J punctured, the physician feels a slight 

Tipnncl-ir n 1 , ®PP®urance of blood in the syringe (either sponta- 
that tlfp ^pZiIp^ swinge piston is pulled back slightly) indicates 
thSno air IS Care should be exerted 

loSa f an nf mtracardiac injections The 
ScoursP No P'^^'^tured if the needle deviates from the 

bfek apaff the syringe is pulled 

the nofition nf thP ®tiloride should not then be injected because 
be repeated ^ ® unknown The puncture should then 

can bl'' mfasetwittour card.L“*puS 
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Open eliest cardiac massage The direct caidiac massage is indi- 
cated in the following c.i'-cs 1— the hcait slops during operation 
on the chest; 2— ineilectnc closed chc'^t cardiac massage, 3— closed 
chest cardiac nia^nge is contraindicated The chest is opened by 
the /jth intercostal ‘^pace on the left side, at a distance of i 5-2 cm 
from the sternum edge to the midaMllaij line (Plate 5) Massage 
of the heart begins after opening the chest and the pleura The heart 
of neoiiale‘- and infants under 1 jeai of age should be best pressed 
agaiii'^t the po'-toiior surface of the chest by two fingeis Opening 
the pericardial ^ac is oblignlorv only if liquid is present in it The 
heart of older children should ho pressed h\ the right hand, wath the 
thumb placed o\er the right \onliicle and the other lingers and the 
palm — o^c^ the left \cnlriclc The licart should he compressed with 
the finger'' held tightly together to pre\ent perfoiation of the heart 
muscle 'Ihe rate, at which the heart is compressed, depends on 
age and ^ arics from 100-120 to 70-80 per minute Adrenaline, calcium 
chloride and ‘•odium hicnrhonatc arc administered into the left 
^ent^lclo Complications of direct cardiac massage are incision of 
the internal thoracic artery and injiirj to the heart muscle (rupture, 

haemorrhage) , i 

If the heart siuldcnlj stops during operation on the abdominal 
organs, the heail can be given a direct massage through the dia- 


phragm (Plato 0) , r X 

Fibrillation of the heart A severe complication of resuscitation 
IS \ entriculor filinllation Fibrillar contractions of separate muscular 
fibres of the ventricles are the result of random continuous excitation 
due to slowed conductivity in the heart conduction sj^tem en 
tricular fibrillation occurs in hypo.xaemia, hypercapnia, hyperlcaiae- 
mia, haemorrhage, irritation by anaesthetics, excessive irri a i i y 
of the mvocardium Ventricular fibrillation is diagnosed either y 
EGG (Fig 38&) or bv direct visualization, if the chest is open llie 
heart should he dcfibrillatcd by an elecUic discharge (big 
Indications for resuscitation Indications and 
for resuscitation is a difficult problem On the one hand, even the 
least hope for revival should he used by medical ^'orUrs ^ an in 
dication to resuscitate all children in the state of clinical death 
But on the other hand, it is quite evident that .Li 

sonable only in cases where tlieie is a V? . Hence 

functions of the body and to return the child to nor , , , 
the question, if it is really reasonable to 

severe and incurable diseases, especially so ^ What are the 

has decayed due to hypoxia during clinical death What 

criteria for brain death? What are the indications for discon^^^^^^^ 
tion of further attempts to revive a child ,P ^ nroenosis of 
with respect to importance of sejmrate clinical s g the^absence 

resuscitation are controversial Experience shows that the absence 
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consciousno'^s for moic tlian 12 houis is a had prognostic sign. 
J^leclropliysiologists mainlam that the absence of bioelectrical ac- 
of the brain (level EEG) foi 2-6 hours indicates death of 
the ceroliral corlcv, altliougli cases weio reported wheie patients re- 
<^overed after eleclioenceplialograpliic ‘silence’ for longer periods 
hf time IJnaninii I v is absent in assessing such piognostic signs as the 
time of re-establisliment of blood circulation, spontaneous respira- 
tion, or refleves 

The cold pres'Jor test, intravenous administration of atropine, 
bemegride, detci mining POo in the in- and outflowing blood, angio- 
graphic and computeii/ed tests are used as criteria of brain death 
Cold water (2-4°C) is poured into the ear and the vestibulo-ocular 
reflev is determined the eye-balls remain motionless if the brain 
ts dead EGG is taken or monitoring is performed during intrave- 
hous injection of a triple dose of atropine The absence of response 
ot the heait to this injection indicates brain death Bemegride is 
h powerful respiratory analeptic It stimulates the central nervous 
sy'^tem in patients in a comatose state Bemegride is administered 
^travenously with EEG control The absence of changes m the 
®EG indicates brain death 
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Pari 1 in PC j( itioii uid Int^n r* '/Inrap; 


0 \ 5 gen ton^^ion in (ho hlood i*: <lo(f rmint'd }j% piiiutiinno t!ip 
caroUtl and Ihc inlcrnnl jugular \fut 'i In ,irtpno\< nun^ diflMfij^'f 
of oxygen in the inflowing and oulflowiiu' hlood i*. iir.rnialij* 0*7 pfr 
cent This dificrcncc drops to 0-i porn nl in luain do ilii Angifigr. ph- 
1 C and rndioi'-olopic ■=liidiO'- dolorrninf (}k> rori lira) hlood rirnda- 
lion The absence of '•urh firrulation induato'- brain lifalli 
When deciding wliellior oi not ro^'ii^-ritalion luor'^iirf'- ‘•bould bo 
taken, a combination of ^.uu»u‘^ (hriK.il ‘-ign^. .iud (b rlroph'' mo* 
logical findings should bo con'-idfrcd '1 lio ab'-min of coim iou«n‘ ss 
or of sensitiMtj to pain, tiic aii^-onco of rifioM'- (pupill.iry, tendon 
reflexes) oi mu^-cular tone, of ‘•ponl.inonu'- rc^jnr.'tion and bioolrc- 
trical activity of llic brain during 2-3 lioiirs indudlc that the ce- 
rebral cortex 1 ^ dOtid <ind further ri ‘-ii'-riiation nica'^tirc® .iro useio'-s 
I?idicatwns Resu'^citaf ion is indic.itcd for all cliildron (c'copt 
in the presence of contraindications winch follow below) in the 
state of clinical death, <igoin or preagonal state 
Contraindication'^ Resuscitation measures arc not indicated in the 
following cases 1 — to children in the terminal «{,-)(?(> of incurable 
diseases, 2— to children with malignant ncwgrowtlis iiiid mclnstascs, 
o to children with setorc irre\orsi])lc diseases and brain aficc- 
tions 


Resuscitation measures vsliould he discontinued in the presence 
0 a complex of signs of irrc\ersihle changes in tlio brain, such as 
(a) the absence of consciousness and biological actniU (1g\c1 EEG) 
or 4 hours, (b) permanent dilatation of the pupils, the absence of 
pupillary response to light, and the absence of the coineal reflex, 
(c) muscular hypotonia, (d) absence of adequate circulation of hlood 
^ hypotension (below 30 mm Hg), the absence of the ECG 
absence of bleeding from an injured nrtcr\ Tlie decision 
^^^?°^^^“'ootion of resuscitation measures should be 
itip onaesthesiologist-rcsuscitator, the head of 

The particular medical institution (Plate 7) 

the opinion of the neuropathologist is desirable as well 


INTENSIVE TIIERAPY ATTER RESUSCITATION 

witb u^1prn\^irn^^f acidosis and se%ere intoxication 

patients persist for a long time in revived 

durine post rp^n'^n^nf principles of treatment of patients 

of thf avaiS ruf v^OTl^Gd out on the basis 
elimiLtmn nf principles are as follows (1) 

correction nf of acid-base balance, (3) 

treatment of rlv^f t metabolism, (4) prevention and 

fuch as L/ sisteis of the body, 
systems ’ ^I'ver, cardiovascular and respiratory 
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Hypoxia can be removed by artificial ventilation of the lungs 
A common mistahe is undue hastiness in discontinuation of artifi- 
cial lung ventilation, which is necessary even after a transient ar- 
rest of the heart and respiration The criterion for discontinuation 
of artificial ventilation is PO 2 not below 70 mm Hg during sponta- 
neous respiration (without assistance of the external respirator) 
Accelerated respiration, retraction of the yielding parts of the chest 
and a fall of POo below 70 mm Hg are indications for continuation 
of artificial respiration Hypoxia of tissues can also be lessened in 
conditions of hyperbaric oxygenation, which should better be con- 
ducted at a pressure of 3 atm Children after clinical death should 
be given 3-4 sessions a day A pathogenetically substantiated treat- 
ment of disordered acid-base balance is elimination of hypovolae- 
mia and hypotension, and improving microcirculation in the pe- 
ripheral tissues Acid-base balance should be corrected during the 
post-resuscitation period only after determining its main indices 

Balancing water-electrolyte metabolism during the post-resusci- 
tation period is difficult and requires complex therapy during many 
days When prescribing infusion therapy, the daily demands and 
pathological losses of fluid should be determined The excretory flec- 
tion of the kidneys should thoroughly be controlled The selection 01 
solutions for infusion therapy depends on the type of disorder 01 
the water-electrolyte metabolism The osmotic and oncotic pres- 
sures are obligatory measured 

To prevent hypoxic oedema of the brain, big doses of hormones 
(10 mg/kg hydrocortisone, 2-3 mg/kg prednisolone) are given in 
addition to artificial lung ventilation Since it is the brain that is 
mostly damaged during clinical death, measures are taken imme- 
diately during early post-resuscitation period to protect the Pram 
from hypoxia energy demands of the brain are reduce , in ^ ^ 
metabolism is normalized, cytoplasmic membranes are res 
rebral circulation is normalized, and oedema of the brain pr 
Sodium oxybate and barbiturates are now used 
gy demand of the brain If consciousness is not 
5 minutes after re-establishment of cardiac , be ad 

tion, big doses of thiopental sodium 

ministered intravenously at a maxinium po^ible ra ( P should 
the stability of the haemodynamic indices) Thiopental sodmm should 

be administered as early as possible, not mo'/kff of the 

re-estabhshment of blood circulation From 10 ^0 mg/kg ot the 

2 per cent solution should be administered during as a 0 4 ner 

utes, while the remaining dose should be 

cent solution during the course of 6 ^ ort^nn is unknown 

period The mechanism of thiopental sodium 'L^^'^the 

In the opinion of some authors, it decreases metabolisni ot the 
brain, improves blood circulation m the ischaemia-affected por- 
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tions, decreases intracranial pressure and intra- and extracellular 
oedema, stabilizes membranes, and has anticonvulsive and sedative 
effect 

The patient should be given preparations improving brain me- 
tabolism (ATP, ascorbic acid, vitamins B, insulin with glucose, 
glutamic acid) During the first day of the post-resuscitation period 
(after re-establishment of blood circulation), nootropil (pyracetam) 
and aminalon should be administered Cerebrolj^sin should be ad- 
ministered m a week (1 ml every other day) Dehydration therapy 
during post-resuscitation period should be conducted only in the 
presence of brain oedema and elevated intracranial pressure Syn- 
dromes should also be treated 


RESUSCITATION OF NEONATES 

The most common causes of neonatal death during the first hours 
and days following birth are hypoxia of the foetus and asphyxia due 
to strangulation of the neonate by the umbilical cord entangled 
round the neck or premature placental detachment Oxygen and 
carbon dioxide exchange through the placenta is thus disturbed 
Acute l:^poxia can also be the result of pathological delivery with 
acute obstruction of the blood flow to the foetus during protracted 
or convulsive contractions of the uterus, prolonged standing of the 
loetal head at the pelvic inlet after premature escape of the fluids, or 
contracted pelvis, uterine rupture, acute hypoxia of the mother 
associated with blood loss 

The absence of respiration or inhibited spontaneous respiration 

rprohr ^ caused by the labour injury (derangement of 

cerebral circulation, intracranial haemorrhage) and obstraction of 

mucus of the amniotic fluid, meconium, blood, 

often caused by pharmacological prepara- 

Se the ulrp?/''' ^ l^^our, which pen- 

medal cause damage to the foetus Morphine, pro- 

(thiopental sodium, hexenal), halothane, ether, 
the W, contractions (oxytocin in big doses) easily pass 

can also be these preparations, the foetus 

dm.ng Uio™ (profa..ofhdoctnTfnmocam3r' adm.mstered 

.a'SrS'MWm --han.sms of asphyx- 

centre and its insusceptibility to high PCO, 

offnte^Tno resuscitation measures and the length 

of a'jphvxia and "are a” at teira depend on the gravity 

a.phj xia and are assessed in points by the end of the 1st and 5th 
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minute (the Apgar scale) 6-5 points indicate slight asphyxia, 4-3 
points indicate asphyxia of medium gravity, and 2 and less points 
indicate severe asphyvia Neonates scoring 10-7 points hy the end 
of the first minute aftei birth need no special lesuscitation measures 

The following measures are necessary to take in slight asphyxia* 

1 The neonate is placed on the table and his head is slightly 
deflexed 

2 Mucus, fluids and blood are removed from his airways by 
aspiration to ensuie their patency A special rubber bulb or an elec- 
tric aspiratoi is used for the purpose 

3 Oxygen is given to breathe by a mask Assisted respiration or 
artificial lung ventilation with pure oxygen or helium and oxygen 
should be conducted if necessary 

4 A 4 per cent sodium bicarbonate solution is administered 
intravenously (4-8 ml depending on the body weight of the neonate). 

5 A 10 per cent calcium gluconate (3 ml) is administered in- 
travenously with 10 ml of a 20 per cent glucose solution, 1 ml of a 
0 3 per cent aethimizol 

6 Cocarboxylase (50 mg) in 10 ml of haemodes (neocompensan) 
and 2-3 ml of a 2 4 per cent euphyllme are administered intrave- 


nously 

7 The upper airways are cleaned 

8 Acid-base balance is determined and corrected if necessary 

9 If the respiratory centre is inhibited with narcotics, analeptics 
should be used (cordiamine, nalorphine, corazol, bemegride, etc ) 

Neonates with asphyxia of medium gravity are treated as those 
with slight asphyxia, but if the signs of asphyxia intensify, the tra- 
chea should be intubated using a laryngoscope and the lungs should 


be ventilated artificially t r. 

Resuscitation measures for neonates with severe orm 

asphyxia are as follows „ , , , 

1 The neonate is placed on the table and his head pulled back 

I^m'ucus, blood and fluids are removed from 

3 Artificial respiration is given using a f 

apparatus, pure oxygen should be used for the P^^P° , ^ould 

neons respiration is not established in 1 minute. Artificial 

be intubated and liquids aspirated from the airways again ^tificia 
ventilation of the lungs should be per ormed through the ^ 
When spontaneous respiration is established, assisted respiratio 

should be conducted nf marked 

4 In the absence of heart action or in the presence of marked 

bradycardia, closed chest ‘^^^hiac naassage s ^ 0 2 ml 

If the heart action is not re-established Jitliin 1 

of adrenaline wi1h 1-2 ml of 1 ® 40 ^ef Snt 

intracardially Using the same needle, 8-10 ml of a 40 per cent 
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sodium bicaibonate solution is injct led fioin another s^nnge Ihc 
needle is then removed and closed chest cardiac massage continued 

5 Bags with ice should be put round the child’‘' head 

6 In ordei to piotect the hiain fiom liypovia sodium o\^batc 
IS injected slowly into tlie vein (100 mg/Kg) in 10 ml of hnemodcs 
(neocompensan) 

7 1 ml (10 mg) of lasiv is injected inli.ncnou'^lj 

8 If resuscitation is successful, the tracheobionchial tree i‘' cleaned 
again, acid-base balance is a‘>sessed, and pota'^sium and sodium 
content of the plasma and orvlhrocytes detci mined 

9 In order to pievent posthypoMc oedema of the brain and to 
treat posthypovic affections of the central nervous system, cranioce- 
rebral hypothermia and hjperbaiic owgcnation are indicated 

Respiration and cardiac action can in most ca‘=es be succc=sfullv 
re-established But the study of late results has shown that irrever- 
sible changes occur m the central nervous ‘^jslem of some children, 
the resuscitator should therefore consider the circumstances to rea- 
son the length of resuscitation procedures There are no criteria to 
determine the degree of affection of the central nervous system and 
Its reversibility The Apgar scoiing is practically used everywhere to 
assess the general condition of neonates If a neonate scores from 0 
to 3 points, the resuscitation should not continue more than 10 min- 
utes, if no appreciable improv'cmcnt is attained during this time 
li the condition improves and can be assessed as 4-7 points resusci- 
xstion snould continiiG for 2-3 liours 

The study of late results of resuscitation show's that if resuscita- 
tion measures are taken during the first 4 minutes of asphyvia no 
pathological changes in the central nerv ous system occur in children 
or late periods If asphyxia laks to 10 minutes, the 
neonate s condition normalizes by the 8-1 0th day If asphvxia lasts 
ininutes, the child develops convulsions, he has fo- 
Ttiocc ° central nervous system and psymhic disorders 

indicate the importance of early resuscitation mea- 


Chapter 17 

General Principles and Methods 
ot Correcting Respiratory Insufficiency 

P^ogenesis Respiratory insufficiency in children 
Slaton .nf ^ntor-related factors disordered central 

rmiflitv nf ftio dysfunction, obstruction of the airw'ays, 

pulmonary tissue, upset mtrapulmonary 

resmratorv rpo-nl following factors upset the central 

respiratory regulation injury, disturbed cerebral circulation, oedema 
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of the brain, intoxication, residual or perverted effects of muscle 
relaxants, anaesthetics, and narcotic analgesics Peripheral nerves 
and muscles are affected in myasthenia, polyneuritis, poliomyelitis, 
botulism labour iniury, and immaturity of the respiratory centre 

The airways become obstructed due to aspiration of amniotic 
fluid, fluids contained in the stomach and the oropharynx This 
usually occurs in neonates with defects and diseases of the gastroin- 
testinal tract The airwmys can also he obstructed by foreign objects 
or sputum, air supply can also be upset due to obstruction or collapse 
of the endotracheal tube oi tracheostomic cannula Obstruction 
of the airwmys can result in oedema of the subglottic space of infec- 
tious or traumatic aetiologj'^ The airways can also be obstructed 
due to inhibited function of ciliary epithelium and changes in the 
rheological properties of the sputum, e g during atropinization and 
in the presence of growth defects 

The chest becomes rigid in the presence of pneumothorax, hae- 
mothoiax, diaphragmatic hernia, high diaphragmatic cupola in 
intestinal obstruction, peritonitis, and in ulceronecrotic enteroco- 
litis The elastic properties of the lungs are impaired during emphy- 
sema, pneumofibrosis, interstitial oedema, and decreased surfactant 
content in neonates with diseases of hyaline membranes, pneumonia, 
and hypoplasia of the lungs 

A very important factor responsible for respiratory insufficiency is 
the upset ratio of the pulmonary ventilation to perfusion 
uniform ventilation is especially pronounced in diseases of tJie 
lungs attended wnth contraction of the airways, e g in bronc la 
asthma, emphysema, bronchiolitis, tumours of the lung, an pneu 
moma Prolonged motionless position of the patient during opera ion, 
anaesthetics and muscle relaxants intensify non-uniformity o u g 


''^Pe^usion of the lungs depends on the volume of circulating blood, 
contractile power of myocardium and pulmonary vascu ar resis a 
Either of these factors can disturb the gas 

lungs The extreme degree of ventilation-perfusion ^iisorders is the 
intrapulmonary shunt, i e the discharge of non-oxyge 
into the arteries 


INTENSIVE THERAPY OF RESPIRATORY INSUFFICIENCY 
The methods of correcting respiratory insufficiency can be divided 

“MamtammI pScy of au^ayo Keeping ‘he amvaye ueobstrueted 

is the most important measure in treating re p Tiatpnrv of the air- 
in children The simplest way of re-establishing patency of the a r 

wa?s m delcUon of the clulfs head in 

articulation with simultaneous protrusion of the mandible Ihe 


14-01222 
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tAation position of the head and mandible during artificial lung ven- 


tissues lying between the larynx and the mandible become strained 
and the tongue root separates from the posterior wall of the pharynx 
(Figs 40 and 41) In order to facilitate deflection of the head, a roll 
IS p aced under the child s shoulders This method is commonly 
use emergency resuscitation or after administration of muscle 

relaxants before the tracheal intubation 

maintain free passage of air through the airways 
bj this method for a long time Oral or nasal artificial airways are 
herefore used to prevent tongue retraction Airways are commonly 
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I'ls^ /i2. Pos{-opcr<tli\c po'-ition in bed 




b 




^ >g 43 Positions facilitating diainage 

foi chamdge of both bionchi, b— for diainage of 
c — for diaining the mam light bronchus 


the mam left bronchus, 


1 '. 
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used during resuscuation or during anaeslhcsia with spontaneous 
lung ventilation The anaesthesiologist should rememlier that arti- 
ficial airways often provoke vomiting 

The child's portion in bed or couveuse is important for pre%cn- 
tion of airways obstruction After opeiation or anaesthesia the infant 
is usually placed horizontally on Ins side or in the prone position 
(Fig 42) The neonate should be kepi in the vertical position for 10- 
15 minutes after feeding, this prevents occasional aspiration of the 
gastric contents For the same reason infants susceptible to regurgi- 
tation should lie in bed or couveuse with then heads slightU ele\ ated 
Ample VISCOUS purulent mucus is accumulated in the tiacheobion- 
cliial tree of infants with atelectasis, lung abscess or pneumonia 
These patients should therefore be placed in the drainage position 
(postural drainage) from time to time Fig 4.3 shows \aiions posi- 
tions in which conditions are provided for draining fluids from the 
airways It is necessary to change the position of a child in Ins bed 
even if he does not discharge sputum, the ventilation-perfii'^ion con- 
ditions in the lungs are thus improved and infectious complications 
prevented Placing a child in a position facilitating drainage of 
fluids IS usually combined with percussion massage, stimulation 
of the coughing reflev and inhalation therapy Percussion massage 
is performed by compression and striking the chest at sites overlying 
cavities to be drained (Fig 44) 

Catheterization of the airways for aspiration of their contents re- 
stores in most cases the patency of the tracheobronchial tree The oral 
and nasopharyngeal cavities are usually catheterized -without visual 
control,, while a laryngoscope should be used to pass a catheter into 
the larynx and the trachea (Fig. 45) Sputum is aspired from the 
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A (.illu'lcr wlurii is atlaciiod to a source of vacuum 
a 'I-pjocf' llie third end of the latter is closed only during as- 
piration of nuul"'. otlieiwiM- the distal end of the catheter can suck 
the mucosa into the tuhe and injuie it Any electrical or jet-ejection 
Ptimp ( an he u'-od to < rente \armini of about 50 cm ILO Before car- 
r.Mtig out avpiratinii. it is dc«irahlo to gne pure oxygen to breathe for 
»a few minute'' to pic\pnt sp\(>rc hapoxia Aspiration should not 
continue for more than 10-15 ■seconds 
iJirert lar\ngosrop\ witii calhclen/alion of the trachea and 
bronchi should he c<irriod out with halothane anaesthesia The 
Catheter is pascod into the left hroiichns by moving the trachea to the 
rijiht, and on the ( oiilr<ir\ 1 a displacing the trachea to the left, the 
caihetci can he pa'^s(*d mto the right bronchus Aspiration of fluids 
from the tracheobronchial tree should he conducted in aseptic condi- 
tions Catheters and solutions used for washing the trachea and 
l)ronciu must lie sterile Tlio size of the catheter depends on the 
cliild's aqe It is important that the diameter should not be larger 
than •*/, of the dianietci of the main bronchus 1 he distal end of the 
cathcioi miisi he smooth and rounded, wuth several openings on the 
I'Uoral sui faces As a lule, the catheter is passed as far as it goes and 
fhen pulled hack slightly, aflorwaids aspiration is started 

Brorirho^copi/ is the most effective method of cleaning the tracheo- 
bronchial tree Bronchoscopy m cluldron should he conducted with 
anaesthesia using dcpolaiizing muscle relaxants The lungs shou d 
he ventilated wulh pure oxygen. After complete relaxation of the 
muscles and hvpervcntilalion, tho bronchoscope is passed thro g 
vocal cords (Fig 46) Further ventilation of the lungs effected 
through tlio bionclfoscopic tube The size of the 
depends on the age of the child A smaller tube should be used for 
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Fig. 46 



Bronchoscopy 


STtrafuTs^tl'^:, into the bron- 

catheter. If necessary the i through a plastic or rubber 

lytics, with subsequent or mtico- 

Percussion massa/e of iL ^ by aspiration 

carried out during aspiration Prirts of the chest is often 

nation of action^orfho done on termi- 

spontaneous respiration ^ refaxanls and re-establishment of 

and this operaS^SioX^ therefore” hypoya 
of asepsis must be observed during hr h po'^sible Rules 

ratory mucosa can be likened to because the respi- 

tibihty to infection ” ■\\ound as regards its suscep- 

a temporary ocdusmn°of tS bro^nrh'’ necessar\ to perform 

IS blocked 4ing rZolon fnJlvn Pneumothorax The bronchus 
eliminating the air leakae-l^fhrnf*^ collagen seal, thus 

later resolve, while porolfn ^ealc Collagen seals will 

scopy ^ niust be removed during broncho- 
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maul- 


ing n Inn ngo'-rnpc niui Maoill forceps, the lube is directecl into 
the traclirn If ro^-piration i*' uniform o%cr the entire surface of the 
huips, the lube n fivod Proloimcd na'^otrachoal intubation can be 
successful onl\ on londition of strict observation of asepsis rules, 
adequate conditioning of llic breathing niivture, and permanent 
control of the airwavs patcnci Tlio tube or all objects that may 
contact it (calheler^’ for aspiration of fluids, connectors, hoses, etc ) 
must bo sicrtlo The breathing gas should ho passed through a bac- 
terial filter 'I ho presence of tlic tube interferes Mith realization of 
the coughing rono\ riiereforo, placing the child in position promot- 
ing drainage of fluids, percussion massage, ovorciscs, and physiothera- 
poutic nroccdures become especially important Sputum should he 
renio\cd from the tube bv aspiration only in case of necessity 

During normal breathing air is humidified and ^^armed up m the 
upper a^n\a^s The breathing gas should therefore he conditioned 
before s„pnh,„ir ,t to a child amUi prolonged nasotracheal intuba- 
tion Special conditioner', supplied together with the 
artificial \ontilnlion of the lungs should he used 
Periodical inhalation and instillation of a fey drops of ^^nic so- 
<lium chloride solution into the endotracheal tube 
It has boon calculated that if the breathing 
moist, the liquid loss with perspiration in an 
age can he about 1 litre (to 3 litres in older infants) ^ 

s=es sliould be considered when calculating the co 

'"H'To.,l'rbc'’'romcmborcd mey 

lime he ohstrucled at tlie placo of ‘ , ‘y and cardiac func- 

the traclioa or into the bronchus The nermanent ob- 

tions should therefore be "io"‘^°^®MQ j!. n4lysingnfonitors should 
^erc ation h> the physician or a nurse) t^as analysing m (.pn^ulsive 
preferably he used, because impedance sensor airways for 

contractions of the chest muscles m obstruction of the airways 

the respiratory moyements , . dilution and admin- 

Acrosol therapy. Aerosols ^ local) intended for in- 

istration of medicinal _ enntum) and substances 

halation Mucoly tics (substances tlu j^^i-inflammatory and 

ivith broncholytic properties, aerosols Aerosol 

•antibacterial preparations are comm ^ ^ diseases of the bronchi 

therapy is indicated for acute and '’Xtaon of thick 
end lungs that arc attended with accumulation ot thioK p 
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turn and also for bronchial asthma Aerosol inhalations are usually 
carried out with pneumatic or ultrasonic atomizers 
Mucolytics improve rheological properties of sputum and facilitate 
its evacuation Mucolytics are commonly classified as detergents and 
enzyme preparations Scdium bicarbonate is a commonlj’^ used deter- 
gent Popular enzyme preparations are deoxyribonuclease and syn- 
thetic preparations on the basis of trypsin (chymosin and clij'motryp- 
sm) When prescribing enzymes it is necessary to remember that 
apart from their mucolytic effect, they have an adverse effect on the 
function of ciliary epithelium, they destroy the surfactant and 
can cause allergic reactions 


Broncholytics used for aerosol therapy are substances with ad- 
renergic action (adrenaline, ephedrine, isadrin) and purine derivatives 
(euphylline) The main disadvantage of inhalation of these pre- 
parations is uneven distribution in the lungs the largei portion 
of the preparations deposits in regions where ventilation is better 
and obstruction is smaller Moreover, general adrenergic reactions 
arG possiblG bccausG of tliG rGsorptivG Gfloct 

Antibiotic aerosols should be administered only after testing the 
microuora for sensitivity to them 

Ultrasonic inhalation should be used carefully with infants be- 
cause of the danger of hyperhydration It has been shown that in- 
halators can provide conditions for infection spreading 

Arterial hypoxaemia is the most common respi- 
ohho-atnrv^ Oxygen inhalation is therefore practically an 

dm ^«fP^"^tory therapy Like any other me- 

cSt be adniinjstered in the appropriate doses A 

fractional mnrPTit possible with control of 

uressnrp !n ^'be breathing gas and partial 

of the sras blood (PaOg) Depending on the condition 

can varv erpot/v fn ^be lungs, the optimum oxygen dose 

Uon ofuLrofiL. ^hild For example inhala- 

branes durinff^fhe "^^^b the disease of the hyaline mem- 

In 2-3 da^^s tfiP Inif at 50-70 mm Hg 

nentlv oxvi?en cnr^rc^SLo* ^ fberefore necessary to control perma- 
pressL Ttto i"* broathmg gas and the partial 

any method PaO hplon during administration of oxygen by 

ireLrerinierttliyptTa whrPaB “ 

peroxygenation for all ages’ Vnh-sthnirZi°° 

sjcian may not be sure that ^ata are available, the phy- 

Taking Hood apTmens i 

balance and the ffas determination of the acid-base 

necessary to add here that ft discussed earlier It is only 

neonates and infants for tUo reasonable to use skin sensors vitli 
iniants for the purpose The sensors can control trans- 
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cutaneous oxygen tension winch well correlates with POg in the arte- 
rial blood 

Nasal tubes, face masks, tents, and couveuses are commonly used’ 
for oxygen inhalation in the paediatric clinic 
N^asal tubes can he twin or single, the former being intended for 
passage into both nostrils Single nasal tubes have numerous open- 
ings at their distal ends and are often introduced nasopharyngeally. 
Nasal tubes have the following disadvantages (1) it is impossible- 
to attain high ox5'gen concentration with them, (2) nasal breathing 
IS difficult and the tubes irritate the respiratory mucosa, (3) con- 
centration of oxygen in the breathing gas cannot be controlled 
Various oxygen concentrations (high concentration included) can 
be attained ^Mth face masls Special masks with calibrated openings 
for gas exchange with the atmosphere are available It is convenient 
to adjust the required oxygen concentration by passing the gas mix- 
ture at specified rates as indicated on the face mask The disadvantage- 
of such masks is their difficult fixation on the face and the possi- 
bilitj" of leakage . , 

Oxygen tents have remained the most common means or adminis- 
tering oxygen The child feels comfortable in a tent and the con- 
centration of oxygen in the breathing gas can easily be 
at the required level But since an oxygen tent cannot be sealed (sep- 
arated fiom the environing atmosphere) the oxygen 
should be rather high (8-12 1/min), but even at this rate it is difficult 
to raise oxygen concentration to 50-60 per cent , 

Oxygen therapy is administered to neonates straigh •- 

Closercouveusos can be used to ratso oxygen 

wanted le\el But opening couveuses even for a short time quick y 
results in the fall of oxygen concentration it is nec- 

^^hen condxLcting oxygen therapy, especia . ’ hxeatliing 

^ssary to control the temperature and ^ exS 

gas It has been established that if the oxygen prevent li- 

40 per cent, the breathing gas should be 

quid loss with perspiration Infants are '^ury entire body is 

cold air washes the infant’s face, he reac s Txagsed through a 
cooled It IS therefore necessary that oxyg before 

preheater (a container filled with hot water) to warm tne g 

It enters the infant’s airways T,T.DTYifltiire infants) and 

Retrolental fibroplasia (retinopathy o p complications- 

bronchopulmonary dysplasia are /be most sejr^ 
of oxygen therapy in children Rotrolenta fibroplasia 
fhe presence of hyperoxaemia m pru™ , ggggig in 1-2 months 
causes persistent contraction of the ^ vessels dilate and 

®fter termination of oxygen therapy the r a disease 

proliferate, oedema of the retina 25 per 

IS cured without leaving any organic changes, nuc 
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'Cent of neonates, letmal detachment occurs with subsequent cica- 
trization and blindness The only clinical sign of the early stage of 
f contiaction of the retinal vessels Therefore, preven- 

s'Paoflevel’^^'^^^ complication includes maintaining the appropriate 

dysplasia IS the result of toMC action of oxy- 

ia the retrolental fibropla- 

hmh otv^ei dysplasia is not hyperoxaemia but the 

luna aSion breathing gas. Histologically the 

of the alvenlnr mo oedema and proliferation of cells 

imensitv of subsequent fibrosis The length and 

tabhshed Most fel! ^^^^e not been es- 

low 50 per cent are believe that oxygen concentrations be- 

develonment of hrnr.pi ^^.^^rber concentrations increase the risk of 
oxygenToncentrn^^^^^^^ proportion to the 

adSXed which oxygen therapy is 

fore be admmistered m^tho*^ 30-50 per cent Oxygen must there- 
•shortest possible time possible doses and during the 

Its use^in oTyleT-htS^ihi^^ helium accounts for 

an laminar currents Rut if passes the airways of man 

'(oedema of the subdottm smp^ stream encounters an obstacle 
how becomes turbulent ThrS!’ accumulation of sputum), the gas 
-of respiration mcroa rconJidpr^^ resistance and the work 

gen. the d,^sn7 substituted for nitre- 

■sistance diminishes Helnim-p-, decreases and the vortex re- 

•decrease the work of respiration®*!n therefore used to 

J 1 fnhalations are usLllf L ? ‘."f ‘o ratio is 

sessions '“"“y “”<i"cted 2-5 times a day in 1-2-hour 

•hypothermia. becauOT°the°speS?c^helt danger of 

higher than that of air Mn^n^ro^ helium is several times 

-gen can in some cases accelerate ij’ of helium for nitro- 

croatelectasis ® alveolar collapse and cause mi- 

^CPAP)‘.“Tto iH'’ ^mTar^itd P^'t'vc airway pressure 

hypoxaemia This method was in^ method of treating arterial 
his intensive research, which showed Gregory after 

wed that moderate distension of 
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lie ■|7 Spoiitanpoii'- ro'-iMnlion with con‘=lanl posilivD airwa\ piessuic 

ahcoli ihirinc noiinal rp'-pintion, /i--al\poli (lining spontaneous lespiiation 

^'lth CPAP 


the lungs ampro^os riuhcalh the results of 

^\lth the disease of In aline membranes It ^\as establish c 

constant positive aii\\a\ pressure is effectne in J 

causing hypoxacmia and decreasing lung ^ „nd 

lungs, aspiration syndrome, condition after ooerative 

the like) CPAP is also used to pre^ent and 

respiratorj disturbances in childien, and also to 

enectof h>porbaric o^^gonatlon positive pressure prevents 

Phij<iiolof'ical vib'itaiiiiatioi} of CPAl i os rollanse 

both evpiratorj closure of the airw'ays r level The 

the latter b^ compensating foi the dccieased expense 

funclional residual volume of tlic hmgs veStila- 

ot s.retch.ng hypoxoulilaled ■’"'1 "f mliapulmonlry venous- 

tion-perfiision ratio normalizes and the P 

arterial shunting decreases (Fig 4/) rluring CPAP is asso- 

Improved diffusion capacitv f ^ISer-capiflary membrane 
ciated ^^ith decreased oedema of the ah • P changes 

The alveolar-arterial gradient o oxygon halls AU these c^^^ 
cause a marked increase m partial tension oi gas. 

blood with unchanged oxygen concontra riresence of hyper- 

PaCO, often decreases as veil, f always 

capnm It should ho icmemborod that ■"flaUon of 
increases the anatomical dead space „pT,tildtion 
PaCOa indicates iinpioveraent gj^own that during CPAP 

The study of respiratoiy “ dGcreases by 20-30 per cent 

the dynamic distensibility of ^if^ne^by the fact that during 
of the initial level This can be exp . la+ed and atelectasis- 

distension of the lungs not only functioning alveoli 

affected alveoli are distended, , resistance in children 

become overdistended too The aero Y ^^^ng CPAP Positive 
vith lung diseases decreases ^ 7 “ tjcally influence the venous 
pressure in the airways does not pr 
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Fig 48 Spontaneous respiration with constant positive airway pressure 

a— CPAP with a plastic bag, b — Gregory’s method, c— respiration throughjnasal 
tubes, d — continuous negative chest wall pressure 

backflow in children with normal circulating blood volume Quite 
the contrary the cardiac output increases in most cases, which can 
be explained by elimination of hypoxia and improved contractility 
of the myocardium 

CPAP techniques Positive pressure in the airways can be attained 
by various methods (Fig 48) The method proposed by Gregory is as 
follows a cross-piece is connected to the endotracheal tube and a 
rubber bag The bag has an outlet, which is closed by a Moor damp 
Two tubes are connected to the cross-piece one tube supplies the 
air-oxygen mixture, w'hile the other leads to a pressure gauge and 
a w'ater seal The breathing gas can be supplied from rotametric 
flow'meters, the oxygen concentration can be adjusted betw^een 21 
and 100 per cent In order to prevent accumulation of carbon dioxide 
in the system, the gas should be supplied at a rate 3-4 times exceed- 
ing the minute ventilation v olume of a child (4-6 1/min for infants 
under 1 and 8-12 1/min for older children) Using the Moor clamp, 
the gas flow^ from the bag is so adjusted that the required positive 
pressure (as read ofi the pressure gauge) is maintained in the system 
If the pressure exceeds the preset value, excess gas is released through 
the water seal into the atmosphere The breathing gas should be 
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iiumidified and warmed up because it is delivered into the lungs 
through the endotracheal tube without being warmed in the upper 
airways Humidifiers of artificial respiration apparatuses can ne 

for flXG OTirOOSG j 

The Gregory method is commonly used with critical patients and 
<^PAP IS maintained for prolonged periods of time This technique 
IS suitable when the patient is no longer assisted by a respirator an^ 
also for correcting respiratory disorders in the ear y po p 
period , 

Techniques are known by which CPAP is 

patients By one of them, a plastic bag is put e/r the child s head 
and positive pressure is created in it The size of „ , ^ . P i , 

on the si/e of the child’s head when the bag is inhatoh- ^alls 
‘’hould be at a distance of 5-10 cm from the 

^'H'cs adequate ventilation of all parts of the hag 4bilf> 

he bag one of them is connected to the source of Ylle 

l-he other to the water seal It is desirable that the diameter of the 
?as delivery lube should be not less than 1 cm to prevent eveessne 
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I’iirl i lit 1 1 11' ^11 I ititiif'ii 
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1101^.0 insulo llio biiu lliiit iiiaN atinf»\ lltf«)iibi V Iwil-n. 
be u'^od ns n \\ntoi v,.(t! I'lic hi it'lil t.f t)ii ir ..dtunn ii» Hi* fM*" 
indjcalos the amount of j>oMti%e pti-iin ift t!.< rv joratof <5u t 
The bnR should l)e mmIo.! .it tin- »bi!d’* fif- ’ np . v td« por'» oJ* 
tape (se\einl tmns loiind the mt!) 1 bo {•'■t • oin »<! l!o b uni •)« im' 
nccK shotild be onl> ‘-liphl in ordt r t** prount <li torbtfx* in I e 
blood circulation 01 oedi'iiia of tlio Ilf idti“'in L\t o {.' t ’ i* rtlrM^id 
from tbe bao mosll\ iii the ropton of th" i lnhi'^ itr . f atulp'^^’*- 
tluough the Iwdraulu >'( al The tli'-.oh .till . um of Ihi- no ttu'd i po'i- 
blc acropliagin and o\ crdi‘'ton<nui of tho ••tornacb Jo pr*v‘nl t 
complication a ftaslric lube ''hould be p.i '•«*d into l!ie ‘.toni.e h and 
its distal end left open 

Fate and nasal masks c.iii be used to crf'itf ito-tli\.e prc'-'-ure in 
tho airways The mask is connected with a to .tnd-fro apparatus lor 
anaesthesia and is held to the fate of neon )te> b; an f hc-tn ml 
by lubber bands to the face of older children) Itut tl js often dif- 
ficult to onsuie a liplil seal lietween tin* mask ind the face, v htm 
o\cessi\c pressure of the mask on the fate qunkK faiises rn.nfr.i- 
tion of cpilliolium 

Nasal prongs can be used to deli\er tJ‘AP to neon 'te^ '' bo U'lml- 
ly bioalhe tliioup:li tbe nose and kef p llieir mi»utbs close*! until tbe 
prossme in the aiiw.ns exceeds 10-12 i in JUO 'llie dis.uh ."•ntatte of 
the method is livpcisociotion and injur\ of the nas il nnicftsa if the 
piongs remain in the nostrils for a long time 

Special chambers arc vised to create constant negatixe pressure 
over the child’s clicsl The pressure insido tbe cliiUrs respirator} 
system x\ill then bo liiglicr than inside the chamber The child can 
breathe either oidinarv air or an air-oxxgen mixture Sut b t hambers 
are iisualh^ placed in a couxeuse xvlicre a special tlunnte is proxuied 
The disadvantage of this method is the difficult access to the child 
and the iisk of cooling llic body bx a permanent air moxernenl in an 
untight chamber (Fig 49) 

Indication'^ jor CPAP and its techniques J'be indic.ifions for Cl’AF 
are severe arterial hypoxaemia (PaOj below GO mm llg) during 
breathing 50 per cent air-oxygcn mixture connected with disturbed 
ventilation-perfusion ratio, high intrapulinonarx shunting, and 
decreased distensibihty of the lungs llieso disturbances iisuallv 
ocevm in the disease of hyaline membranes, lung oedema, aspira- 
tion sjmdrome, and after injurious surgery on thoracic and abdominal 
organs Moreovei, CPAP is helpful during transition from artificial 
to spontaneous respiration, and also dining Jix'perharic oxxgenalion 
to lessen the toxic effect of oxygen on the lungs 

CPAP usually begins xvitli inhalation of mixlures containing 
from 80 to 100 per cent oxygen undci a prossuio inside the airx\’a}S 
of 3-5 cm lioO Later, as the intrapnlmonary gas excliango improx'es, 
the oxygen concentration in the mixture is gradually decreased 
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(with PaOg control) to a non-toxic concentration (50 per cent) The 
pressure in the bag is then decreased in 1-2 cm HgO steps If PaO^. 
falls below 60 mm Hg, the pressure is raised to the previous level 
The procedure should be discontinued when PaOg stabilizes above 
60 mm Hg, the oxygen concentration in the breathing gas being- 
less than 50 per cent and the pressure inside the system being- 
atmospheric The patient should then be placed in an oxj^gen 
tent 

Complications Complications of CPAP occur in 2-3 per cent of 
cases Increased pressure inside the respiratory system may cause 
pneumothorax, pneumomediastinum and pulmonary interstitial 
emphysema According to the data available, the incidence of pneu- 
mothorax in neonates with the disease of the hyaline membranes 
(after delivered CPAP) is 2 times higher than with ordinary respi- 
ration CPAP may cause a marked reduction of the cardiac output and 
hypotension in children with severe circulatory disorders (especially 
in the presence of dehydration and hypovolaemia with the deficit 
of the circulating blood volume exceeding 30 per cent) 

Contraindications CPAP is contraindicated for bronchopleural 
fistulae, intense pneumothorax and marked hypoventilation (PaCOg 
above 60 mm Hg, with a tendency to increase) Inflation of the 
lungs IS ineffective in pronounced purulent tracheobronchitis and 
uon-homogeneous affections of the lung tissues, in most foims of 
pneumonia included 

Artificial lung ventilation This is a temporary substitution for 
the external respiiatory function This technique is now practiced 
m many hospitals and maternity houses Timely and correct arti- 
ficial lung ventilation in severe respiratory disorders in children 
IS decisive for good outcomes of the disease But artificial ventilation 
of the lungs in neonates and infants is a complicated problem, which 
is first of all connected with their special anatomical and physiolog- 
ical properties Small respiratory volumes, the high gas flow-rates 
With high resistance of the airways require not only special appa- 
ratuses but also special training 

Causes of respiratory dysfunction Various respiratory disorders 
ure often the main cause of neonatal mortality Timely artificial 
Ventilation of the lungs is therefore an important problem 

Acute respiratory insufficiency in infants can be caused by th&- 
following 

I Pathology of the lungs 

a) hyaline membrane disease, diffuse atelectasis, oedematous— 
haemorrhagic syndrome, 

b) pneumonia of various aetiology (intrauterine, aspiration, vir- 
al-bacterial, staphylococcal), 

c) congenital defects of the lungs (hypoplasia or agenesia, lobar 
emphysema). 
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Fig 49 Conducting spontaneous respiration with constant positive air\\ay 
pressure 

a-CPAP with a plastic bag, 6— Gregory’s method, c— through mtranasal can- 
nulas 


d) congestion in the lungs in the presence of congenital heart 
defects (aortal coarctation, great vessel transposition, open ductus 
arteriosus, great defect of the interventricular septum), in the lett 
ventricular heart failure and primary myocarditis 

II Pathology of the airways ^ n j + „ 

a) obstruction of the airways by aspired amniotic fluid or gastric 

contents, the condition mostly occurs in neonates after severe hy- 
Poxia, with affection of the central neivous system and congenita 
defects of the gastrointestinal tract, aspiiation of 

h) obstruction of the airways with sputum during infections, bron 

chospasm and oedema of the mucosa, tUp 

c) congenital defects of the airways (atresia of the choanae, the 

Pierre-Robin syndrome, cleft hard and soft palate) 

III Extr^ulmonary causes of acute 

a) affections of the central nervous system due 

birth trauma, intoxication, disordered haemo- and liquor djnam 
ics, residual effects of anaesthetics and narcotic analges cs, 

b) mvonathies (myasthenia, myotonic dystrophy, etc ), 

4 r“s\rfc^ of respiretaon (paeumo- and haemotho- 

*'a\, diaphragmatic hernia, high diaphragm). 
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Pnil 'Jliiet- Hosii‘c ilnlion find Iiit^nsisf flurapy 


cl) immaliinly of tho conlial ic^iilation of m^-piralJon id prcin.<- 
turo neonalcs 

Paihophy^iologicdl c 0 cch oj nitifi^tnl lung unttlaiion A‘ a niaHiod 
of nilonsive rospualon therapy, arfilaial limcr \enlil,ition ha'- a 
complicalcd effect on various oi^ans and -'S-fein-' of the hofh Mir- 
cessiiil ailihcial ventilation of tlu‘ 11111"- is po— ihh' onl' vith oie- 
qualo knowledge of tho proces*.os occurring inside* the hodj Cfiec- 
tive aitihcial lung ventilation in c hildrc'n with le-piratorv in-iiffinen* 
cy eliminalcs hypoicapnia ,ind h>po\ia. %\)ii<h is connected vith 
increasing ventilation \olnino, iinpio\ed \ entilatuni-fierfii-ion ratio 
and decreased intiai)nlinonar\ shunting I'dnnin.ition of ie-pirator\ 
acidosis and gradual noiinali/alion of pli promote resloiation of 
evcliange processes Catecholaeniia disapjieni mi« rorirc nl.ilion 
improves, the blood of the depots is in\nl\ed in the genera! c'lrciila- 
tion Elimination of hypoxia and iinpioNPinent of mvncarclial con- 
tractility also promote norinali 7 ation of hlood emulation 

But apart from the fust posilixe cfieLts of artificial piilinonar\ 
ventilation, unclesirod pathological cdiangcs also orcur Lung \enti- 
lation with forced insufflation of air into the lungs changes sul)St<in- 
tially the meclianism of respiration As distinct from spontaneous 
lung ventilation, intra-ah colai and intia-ploiiral pressmo becomes 
positive at the end of inspiration in aitificial lung \cntilnlion, 
the dynamics of the tianspulmonarj pics^-ure change- accordingh 
Changed conditions of ventilation cau-o some jiathoplnsiological 
shifts, which result in decreased distonsibililj of the lung- and 
increased aerodynamic resistance of the aii\\a\s The disorderccl 
mechanism of coughing and decreased function of ciliar\ epilhelinni 
during artificial ventilation ine\ital)U impair ^\llhdra^^al of sputum* 
This, in turn, increases the risk of micioatelecta<=es if the actu itv of 
the surfactant is lov These, together with the changes in regional 
ventilation-perfusion latio in the lungs caused b\ piolonged motion- 
less position of the patient, can cause severe disorder- in the intra- 
pulmonary gas exchange 

The absence of the drawing effect of the chest during artificial pul- 
monary ventilation can inteifere with tho ^enous outflow and de- 
crease the cardiac output, but this usually occur- in patients with 
markedly decreased volume of circulating blood Morco\or, in- 
creased airway pressuie disturbs the pulmonary blood ciiculation, 
circulation of the lymph, and in some cases promotes the develop- 
ment of oedema and transudation of fluids inside the alveoli Tliere- 
tore, in order to ensure successful artificial ventilation of the lungs 
tor ^ long period of time, the physician should be well aware of all 
possible pathophysiological shifts that can occui in the body during 
mechanical ventilation Using optimum conditions and observa- 
tion ot all necessary conditions minimize the harmful effects of arti- 
ticiai pulmonary ventilation and ensure successful treatment 
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Indications for artificial pulmonary ventilation An absolute in- 
dication for artificial pulmonary ventilation in children is the ab- 
sence of spontaneous respiration (apnoea) irrespective of the causa- 
tive factor. In these conditions artificial ventilation of the lungs is 
a component of the resuscitation measures Another indication for 
artificial lung ventilation is a pathological arrhythmia of respi- 
ration, which usually occurs in affections of the central nervous 
system, in oedema and injury of the brain, severe intoxications and 
infections 


The assessment of indications for artificial lung ventilation be- 
comes complicated in conditions of progressive symptoms of hypo- 
ventilation The clinical signs that can be considered as indications 
for artificial lung ventilation in children are increasing cyanosis, 
acceleration of respiration (two times exceeding the normal rate), 
and involvement of the accessory muscles in the respiratory act The 
most informative criteria which indicate the necessity of artificial 
lung ventilation are the acid-base balance and blood gas findings 

1 Hypercapnia PaCOa is above 60 mm Hg or increases pro- 
gressively by more than 10 mm Hg per hour 

2 Hypoxaemia PaOa is below 50 mm Hg in neonates and below 
70 mm Hg in older children (the oxygen to air ratio in the breathing 
gas being 1*1) 

3 Acidosis The pH is .below 7 2, despite the administration 
of sodium bicarbonate in a dose of 2-4 mmol per kg of body weight 

Techniques of artificial lung ventilation Blowing breathing gas 
into the patient’s lungs is the most common method of giving ar- 
tificial respiration This can be done by the mouth-to-mouth tech- 
nique, or using an air bag, or an apparatus for giving anaesthesia, or 
special apparatus intended for artificial lung ventilation The 
choice depends on many circumstances, such as availability of ap- 
paratus, time during which the artificial ventilation should be com 
ducted, and the skill of the medical personnel The mouth-to-mouth 
method is used in emergency cases, in the absence of special tools 
and apparatuses It should be continued until spontaneous respi- 
ration is restored or other means of giving artificial respiration 


become available , , , 

Artificial ventilation of the lungs is easier with hand respirators 
self-expanding bags, bellows, etc An air bag has a system of valves 
by which the breathing gas is pumped into the lungs and the exhaust 
air IS discharged into the atmosphere A special connector is used 
through which oxygen can be delivered into the bag together with 


air , 

When giving artificial ventilation, either by the mouth-to-mouth 
techniquJor by a respirator, the patient’s airways should be cleaned 


to ensure their patency 
Artificial ventilation can be given by an 


oro-nasal mask, airways 


15 * 
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or by an endotracheal tube Some air bags can be used to create pos- 
itive end expiratory pressure in the lungs, which is very important 
for neonates wnth rigid lungs Artificial ventilation by a bag or wuth 
manual interruption of the compressed gas flow^ by T~piece (Ayre 
method) is usually conducted during operative anaesthesia 
Automatic ventilation of the lungs Various apparatuses arc used 
for artificial ventilation of the lungs in children Their operation 
•can be controlled by volume, pressure or time The choice often 
depends on personal experience of the physician and availability of 
particular instruments 


Conditions of ai tificial lung ventilation The followung three tech- 
niques are commonly used wuth children 1) intermittent positive 
pressure ventilation, 2) intermittent positive pressure ventilation 
wuth positive end expiratory pressure, 3) intermittent mandatory 
ventilation, during which the patient is given only several forced 
inspirations, w^hile he breathes spontaneously betw^een these periods 
This type of ventilation is only possible w'lth ventilators in winch 
gas IS circulated at a constant rate The patient can thus be ‘taught’ 
to breathe independently of the ventilator before he is allowed to 
breathe spontaneously 

Genei al pi inciples of ai tificial lung ventilation The child is con- 
nected to the ventilator through an endotracheal tube or a tracheo- 
stomic cannula Thermoplastic tubes wnthout inflatable cuffs are com- 
monly used for nasotracheal intubation The tubes should be changed 
once a day or every other day, depending on the amount and 
character of sputum Sterile tubes need no anti-inflammatory or 
anaesthetic coating The intubated child should be auscultated 
thoroughly to be sme that respiration is adequately conducted over 
the entire lung surface The tube should then be fixed and its po- 
sition checked again by auscultation or x-raying 

determined using Redford or Eng- 
nomograms But practice shows that pre- 
almost never ensure adequate ventilation of lungs 
patient The ventilation conditions and the oxygen 
sas can finally be obtained only after 
acid-base balance The 
® r ° the child to a ventilator, to establish 

J ^ ® corresponding to the child’s age, and adjust the 

should which the maximum inlialation pressure 

in? ?a<? o^Ygen concentration in the breath- 

thf dplrpp n/. adjusted from 50 to 100 per cent depending on 

tion nf^tfiP hi acid-base balance and gas composi- 

hv3?!pm,1pinl m minutei In case of 

(P^l should hp tbe inspiratory pressure 

m'shoX it dpp frequency of r^tration 

(/) should be decreased accordingly In hypoventilation / Ld P,n 
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should be increased accordingly If blood analysis shows that hy- 
poxaemia persists m a child (PaOo below 60 mm Hg), positive end 
expiratory pressure (5-7 cm HoO) should be provided, and the in- 
spiration to expiration ratio increased to 1 1 or 2 1 The concen- 

tration of oxygen in the breathing gas should also be increased if 
possible Furlher on, as the condition of the child impioves, the 
folloixing should be ensured the oxygen concentiation in the gas 
should be rapidly decreased to a non-toxic level (below 50 per cent), 
the end expiratory pre-^sure should bo giadually decreased to zero 
and the inspiration to expiration ratio adjusted to 1 2 Only^ then 

the respiration frequency can be decreased and the child prepared 
for weaning from ^ontlla\ory support These are the mam pimciples 
that a physician should obsor%e in selecting conditions for pulmo- 
nary xontilalion 

It IS often difficult to synchronize the child’s lespiration with 
the work of the ^entllator A simple and effective method is period- 
ical manual ventilation of the lungs using an airbag The procedure 
should be conducted for 5-10 minutes before starting mechanical 
ventilation, before and after aspiration of sputum fiom the airways, 
and also in cases of asynchionous respiration Adaptation of the 
child to the ventilatoi can be ensured by maintaining model ate 
hyperventilation This method should not howe\ei be abused be- 
cause hy'per\cntilation can cause pathophy^siological reactions in 
a child If the absence of synchronism impairs the child’s condition 
and PaCOo increases, sedatives and muscle lelaxants (sodium oxy- 
bate in a dose of 100 mg/kg, diazepam m a dose of 1 mg/kg, and 
tubocurarine in a dose of 0 3-0 4 mg/kg) can be administered 

Observation and care of patients with artificial lung ventilation 
A child requires permanent care and observation duiing artificial 
ventilation of his lungs Any disturbance in the apparatus, leakage 
or obstruction of the endotracheal tube can be lethal Therefore, in 
addition to permanent visual observation of the child s general 
condition, it is necessary to monitor his heart rate, respiratorj'^ fre- 
quency, tidal volume, oxygen concentration in the breathing gas, 
Its temperature and humidity Since some humidifiers do not ^cet 
the exacting requirements, it is recommended to introduce U o-l mi 
of sterile isotonic sodium chloride solution into the endotracheal 

tube (once an hour, dropwise) j , i 

Mucus should obligatory be removed from the trachea and bronclii 
by aspiration This manipulation should be performed in aseptic con- 
ditions The patient should be disconnected from the apparatus and 
1-2 ml of isotonic sodium chloride solution introduced into the 
tube Then several inspirations should be conducted using an air 
bag, and a sterile catheter should be passed into the endotracheal 
tube with rotation Aspiration of mucus should not last longer than 
8-10 seconds During this procedure an assistant should give massage 
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and knock slightly on the child’s chest Then ventilation with a 
hand air bag should again be conducted for several minutes and 
the child can then be connected to the apparatus 
To prevent atelectasis and pneumonia, the child should periodi- 
cally be turned from one side to another, placed in positions improv- 
ing drainage of fluids, his chest should be massaged and physiother- 
apy given These measures should be conducted regularly, at in- 
tervals not exceeding 3-4 hours 

The acid-base balance and gas status of the blood should be de- 
termined each time after changing the ventilation conditions If 
these conditions are stable, the blood analyses should be conducted 
not less than 3-4 times a day When determining the ventilation 
conditions for children with severe respiratory insufficiency, blood 
specimens should be taken from the artery (radial, temporal, um- 
bilical, or femoral) Arterialized capillary blood may only be taken 
for follow-up observations The problem can be facilitated by de- 
termining transcutaneous PO 2 , which well correlates with findings of 
the arterial blood 

During artificial lung ventilation special attention should be 
paid to infusion therapy Amounts of infused electrolytes and other 
iiuids should comply with the physiological demands and liquid 
osses Solutions of glucose, amino acids, fat emulsions, albumin, 
plasma, and electrolytes are used for infusion therapy Nutrition 
or patients with artificial ventilation of the lungs should preferably 
be parenteral, but if the child’s condition improves gradually, food 
can be administered through a gastric tube into the stomach or 
duodenum 

Arti^ial ventilation of the lungs in children can only be success- 
ui with strict observation of asepsis and antisepsis regulations at 
tiiD contact the respiratory organs of 

fiprc; endotracheal tubes, connectors, humidi- 

fspiration of mucus, etc Parts of modern appa- 
Jn Zt. r ventilation can be treated in an autoclave 

cLni gram-negative infection, it is recommended to 

havp'rpnpn L ^ Airways and the humidifier Bacterial air filters 
aSiS? n M U iiito practice Prophylactic use of 

aSuerl nnri artificial ventilation of the lungs is 

argued and their efficacy depends on particular conditions 

and ronrWtJ)?'^ ventilatory support should be a planned procedure 
and conducted only during the day time The desmn of the ventila- 

erTSf’r^f^d'^i to^reathe with in- 

termittent mandatory ventilation of his lungs with graduallv de- 

Z Th“e child m therallowed 

3-5 ®P°^^^®o^sly with constant positive pressure of about 

cent p\rpp^ti ’i+c ^ concentration in the gas should by 10 per 

concentration in the gas used during artificial venti- 
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lalion of llio lungs If there are no signs of developing respiratory 
insufficienc}, during the couise of at least 12 hours and the gas com- 
position of'tho blood remains noimal, the child can be extubat- 
ed 

Dangas and comphcatiom of aitificial lung ventilation Some negat- 
i\o effects of artificial lung \entilation ha\e already een esc i 
It should be noted that the inhibiting effect of this ^ 

blood circulation of neonates is less pronounced than in oj^er children 
cases of cardlo^ ascular depression are rare At the same 
are much more scn‘=ilive to high owgen concentiatio 
pressure in the respiratory system. . i nnonmn 

Frequent complications of artificial lung ^ e fre- 

thorax and pneumomediastinum These complications are more fre 

quent villi positive end expiratory pressure f 

veight Diagnosis of pneumothorax m not i g ^^gj-j^anently 
condition of the respiratory svstem of the , , , ^ af 

controlled In co'^es vith small pneumothorax ^ ^ 

intrathoiacic tension), oi in cases with Pooo . But'if the 
sometimes sufficient onlv to observe ae 

amount of air in the pleural cavity is larg , pleural cavity im- 
pneuraothorax, it is necessarv to puncture the pleural cavity im 

mediately method is based on the medicating 

Hyperbaric oxygenation This promotes dis- 

effect of super-high pailial pressure of o ^6 > nlasma Hvperbaric 

solution of excess amounts ot J" ’? 

oxygenation is widely used ' The medical eHect of hyper- 

tions associated with various forms of hypoxia is hrst 

oTSl°kXned\rP«rXs.o^^ 1-V3 of solubility of gases in 

'‘under normal atmospheric P™osure haemoglobi^^of^ 

practically completely ml of oxygen, of which only 0 3 ml 

of arterial blood contain about 20 m pfygen is bound with hae- 

is dissolved in the plasma, while tli -lofes saturation of hae- 
moglobin Inhalation of pure „^(jissolved in the plasma 

moglobin and then the amount of o- YS blood and tissue fluids 
increases The growth of oxygen solubility in Wooaa^ ^ 

obeys Henry’s law, according pres- 

tion under constant temperature P , P ^ mixture depends on 

sure of the gas The solubility of c^^h gas in a 

the partial pressure of a given gas ^nrur^ 
quid independently of one anoth^ ( increase m the partial 

When applied to the human increasing concentra- 

pressure of oxygen in the aiveon „„Tnnaries and its increasing 
t.on m the bloSd of the P” “ "Ses considerably the 

solubility in the plasma inis in tux 
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oxygen absorbability in liquid media of the body and increases the 
oxygen content of the cells suffering from hypoxia According to calcu- 
lations, an increase in the pressure of inhaled oxygen of 1 atm in- 
creases the oxygen solubility in the blood plasma by 0 3 ml per 
100 ml (at constant temperature) It follows therefore that under 
a pressure of 3 atm more than 6 ml of oxygen is dissolved in 1000 ml 
of the blood, which corresponds approximately to the arteriovenous 
difference with respect to oxygen, i e to the normal oxygen con- 
sumption by the body at rest The oxygen demands of most tissues 
will be satisfied at the expense of dissolved oxygen reserves The 
role of haemoglobin as a donor of oxygen will considerably decrease 
in these conditions 


Hyperbaric oxygen therapy considerably increases the oxygen con- 
tent of blood and of other body fluids This ensures oxygenation 
of ischaemic tissues even in conditions of severe circulatory failure, 
haemoglobin pathologies, or other conditions under winch the trans- 
port and utilization of oxygen are impaired 
Hyperbaric oxygenation in clinical practice Vast experience has 
now been accumulated in clinical use of hyperbaric oxygenation 
in various branches of medicine It is very effective in the treat- 
ment of gas anaerobic infection, severe septic and shock conditions 
0 various genesis, and in acute exogenic intoxications 
i ms method can be very effective as a component of complex ther- 
apy of some critical conditions Direct indications for hyperbaric 
therapy of children are as follows 1 -post-resuscitation 
oedema of the brain, 3 — hepatic and renal 
injury, 5-severe acute exogenic m- 
Onr pytiq’ mr embolism; 7 — long-healing wounds 
in uhlPD-nfript^^f ^ shows that hyperbaric oxygen therapy is effective 
diffuse unrnlppt ^®°^^tes, abscesses and purulent cephalhaematomas, 
burns of tho no Peritonitis, ulcerous necrotic enterocolitis, chemical 
Risks ossncintFil ?^^®°?iy®litis, and diffuse phlegmona 

connected witli on oxygenation These are mainly 

the toxic effert of ®^®^ts of oxygen It is believed that 

ifests in the form high partial pressures usually man- 

oxveen nriflpr m-ne., by comparatively short exposures to 

by affections of tbp^rp^ t igber than 3 atm This form is characterized 
sions Smns 0 ? irnoxm? "“d epileptiform convul- 

gen IS decreased If tbp p^ ‘iisappear as the partial pressure of oxy- 
the central nervous svqIp continues, irreversible changes m 

form of oxygen ^^"^im dies This is a rare 

in clinical practice arp therapeutic doses of oxygen used 

1C hypoxia may deveC^^eiro? Patients adapted to chron- 
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Chrome oxygen poisonmg develops aftei piolonged evposure to- 
comparaln eh Jov o\^ gen pressures This form of poisoning is man- 
ifested by the oxygen pneumonia The genesis of this pneumonia is 
characleri7ed hj destruction of surface-active phospholipids (pulmo- 
nary surfactants) by ox^gcn The pulmonaiy tissue collapses and 
atelectasis develops along vith peribronchial oedema and oedema of 
alveolar epithelium vith the loss of elasticity of the alveolar wall 
In view of possible oxygon intoxication, hyperbaric oxygen ther- 
apy IS contraindicated for patients vith pneumonia and epilepsy (in 
the anamnesis) Prolonged exposure of neonates to hy^perharic oxy- 
gen IS prohibited because it can cause se\ere affections of the organ 
of vision (atrophy' of the optic nerAe, retrolental fibroplasia, etc) 


Chapter 18 

Intensive Therapy 
of Acute Circulatory Failure 

Acute circulatory failure is the condition characterized by' inabil- 
ity of the cardiovasculai sy'stem to maintain adequate blood circu- 
lation in the bodilv organs and tissues 
Circulatory failure can be caused by cardiac or vascular insuffi- 
ciency These two often concur, but it is possible to establish prev- 
alence of this or that insufficiency over the other at any given stage 
of the disease, this is very important for rendering necessary urgent 
aid. 


ACUTE HEART FAILURE 

Heart failure is the condition characterized by inability of the 
heart to perform the work sufficient to of 

tion of blood Two mam mechanisms are 
heart failure, which impair the myocardial 

mechanism, the myocardium fails to contract p p 7 , . ^ 

overload on the heart whose as a result of 

This IS the haemodynamic failure of the , defects in meta- 
overload on the heart with congenital ^ ^ , freouently 

hohe disorders in a hypertrophied myocar m ,^^^^ 
in the presence of hypertonia of tlie lesser e & i 

Condition develops gradually and becomes c r , energy 

By the other mechanism the heart fai ^ f heart 

and metabolic disorders m the heart 

failure occurs mostly in children and ^ usually secondary 

^ AeUology Acute heart fa^ure in children 
lo bacterial and toxic affection of the my 
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nia, influenza, intestinal infections, poisoning, rheumatic myocar- 
ditis and heart defects, diphtheritic and tj’^phoid myocarditis, acute 
nephritis, and long-standing anaemia 
Right ventricular heart failure can develop in severe bronchial 
asthma, chronic pneumonia, right heart defects, lung emphysema, 
and spontaneous pneumothorax, it can occur during operation be- 
cause of the rapid transfusion of citrate blood without simultaneous 
administration of calcium which prevents spasm in the lesser cir- 
culation vessels and weakening of the myocardium b 3 ’’ neutralizing 
sodium citrate Radiopaque substances, some hypertonic solutions 
(glucose) can cause marked contraction of the lesser circulation 
vessels 


Vitamin B deficiencj’^ and some cases of electrolyte disbalance, 
especially if the potassium content is concerned, can also become 
the cause of heart failure Intravenous infusion of excess amounts of 
blood, its plasma, salt solutions, etc , without control of the ve- 
nous pressure can also become the cause of acute overload on the 
heart, especially m pneumonia patients 
The clinical symptoms of acute heart failure are as follows 
—tachycardia developing as a compensatorj’^ reaction of the 
heart to decreased myocardial contractility and diminished stroke 
volume (to maintain adequate minute volume), 

2— dyspnoea, which can also be a compensatory reaction Pro- 
gressive heart failure upsets the gas exchange in the lungs to inten- 

J yspnoea with involvement of the accessorj’^ muscles in the respi- 
rsitory set, 

y heart; this is a very important symptom 

t IS very important not only to outline the heart borders but also 

enlargement is the result of dilatation, compen- 
satory or myogenic hypertrophy, 

® the skin and mucosa due to decreased blood sup- 
insufficient oxygenation Metabolic pro- 
S impaired to increase the proportion of anaer- 

products of incomplete de- 
struction and with the shift of the reaction to acid side 

vaLmJniwfrff oedematous tissues Among 

imnortant ^ mechanisms of development of these symptoms 

m the greater circulation, changes 
bilitv of tbp vncp 1 colloid-osmotic pressure, increased permea- 

trol^te the kidneys, and elec- 

tro jte shifts caused by aldosterone hypersecretion, 

outflow indicates disturbed venous 

mill mcrelspri ..T'V™ “ circulation, and is attended 

nous veS^VtheVa^ developnaent of the ve- 

7— dj^spepsia ’ 
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Heart failure in infants has special features It is usually mani- 
fested bv irntabilitv of the child, difficult feeding (refusal of food), 
restlessness, and deranged sleep Sometimes, the first signs of heart 
failure are vomiting abdominal pain and distension Infants usually 
^0 not develop significant oedema even in the presence of marked 
heart failure Most common signs of oedema aie puffy face and eye- 
lids, swelling of the anterior fontanelle, pastiness in the region of 
the scrotum and sacrum Enlargement of the heart is not obliga- 
tory. 

Diagno<!i': of the lieait failure is based on the hndings of the clin- 
ical and instrumental studies 


Electrocardiographv is an important tool of heart evamination, 
which gives information on the electrical activity of the myocar- 
dium EGG- does not indicate directly structural changes in the myo- 
cardium and its contractility, but it supplies the necessary infor- 
niation on autoniaticity, evcitability, and conduction of the myo- 
cardium EGG can be used to diagnose overload and hypertrophy of 
various chamber^ of the heart When EGG findings are compared 
With the clinical data, metabolic changes in the myocardium asso- 
ciated with hypovia, acidosis or electrolyte disturbances can be 
diagnosed , t u 

The contractile function of the myocardium can best of ail be 
determined now by poljxardiographic phase analysis of the s^tme 
the right and left ventricles A synchronous recording of Euu, 
PCG and sphvgmogram of the carotid and comparison of the recor s 
help analyse the phase structure of the left ventricular systole If 
a rheogram of the pulmonary artery is taken instead of the sp yg- 
^ogram of the carotid artery, the phase structure of the right y - 
^ricle can be analysed Phase analysis of the heart activity in failu e 
IS used to reveal the syndrome of cardiac hypodynamia 

Rheographic findings show indirectly the changes J , 

filling of vessels in time Any disturbance in Rheonra- 

Gondition of the vessels involves changes m the rheogram I^^heogra 
Phy can be used to differentiate diagnosis of ^ 

and left heart chambers Tetiapolar r lieography ^ g. 

calculation of stroke and minute volumes of the heart (usi g p 

“ mtasTOnd’and echography can be used to diagnose ohanses^ m 
the volume of the heart chambers, thickness ppi^nrardioo'raohv 

the weight of the myocardium Computerized echocardio r^ 

and simultaneous polycardiography ensure early diagnosis of diso 

dered phases of diastole in heart failure nT-pi^mire helos 

Instrumental determination of the centra „ ^ ^ right 

diagnose heart failure with predominant a ventricular heart 
chambers Differentiation between right- and 

failures is only important for the haemodynamic form In tne pre 
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sence of eneigy and metabolic di'^oidors in the licart niu'^cle, total 
heart failure occurs as a rule 

Left ventricular heait failure. Affection of onh the left ^ent^lcle 
occurs mostly m children vutli rheumatic heart disea'^c, limelj un- 
diagnosed acute myocarditis, and acute ncphnliv The most dan- 
gerous manifestation of the left vcnliicular heart failure is oedema 
of the lungs (see below) 

Right ventiicular licail failure. Affection of only right \cnlricle 
IS a rare incidence In most cases it combines vilh left-sided heart 
failure It is characteri7ed by venous engoigeinonl (on the neck and 
forehead) and markedly incrca'^ed venous pressure, Tlie venous blood 
flow is slow The blood from the pulmonary \e':sels is doli\ered into 
the vessels of the greater circulation and this often oau'^es a marked 
fall in the pressure in the pulmonary \essels If the right-'^ided heart 
failure is pronounced, the haemodynamic changes in the greater 
circulation are comparatively insignificant because of the large 
capacity of the greater circulation \essels These changes arc mani- 
fested by decreased minute volume of the heart, without in\ohing 
any congestive distuibances Congestne syndiomes only do\elop 
after retention of fluids in the bodv and peripheral oedema that 
deveiops later due to decreased diuresis Congestno and enlarged 
iver IS a typical sign of light ventricular heart failure Increased 
venous pressure is a characteristic sign of heait failuie, of the 
right ventricle in particular 


Table 20 Classifitation of Heart Failure 


Degree 


Symptoms 


Hi 

H,a 


H2B 




S arc absent at rest Dyspnoea, pallor 

develop after physical strain (cry, feeding) 

Safnotll?PP^^^^^^^^^ berUeVled attest T^chy- 

cardia no t^TiP^r p normal respiratory rate) Tacby- 

Snt oMhf hpfrf moderate enlarge- 

TissLfare s extends to 2-4 cm over normal 

ProMimrprt oiIpSpv Restlessness, poor appetite, deranged sleep 
tion Tarlivnnnpn Congestion in the lesser circula- 

?},pfl (respiratory rate increased by 40-70 per 
increases by 15-25 per cent), the heart 
m firm significant The liver 

revia restlessnps'F ^ Periorbital oedema Ano- 

tbe kidneys are pos& vomiting Congestive changes in 

norm), tachycardia (30-40 
mia and dSnr^rpri rat^ heart sounds are dull, arrhyth- 

£art m P^lprS ^ large and firm The 

oedema, asmtei^ohgurif'^ 
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Clinically the elevated venous pressure is manifested by engorge- 
ment of the jugular veins on the neck They also pulsate with a 
twin positne A\a\e This happens because the veins do not collapse 
during the right \entricular systole, but become markedly en- 
gorged due to their o\erhlling Engoigement of the neck veins and 
pressure in them can be increased by applying pressure to the liver 
The hepatojugulai reflev suggests insufficiency of the right heart 
ventricle Overfilling with blood of the venous system combines 
with ONerfilling of the liver, spleen, vessels of subcutaneous fat, 
vessels of the heat t and lungs Hypoxia and prolonged blood conges- 
tion stimulate er\ thropoiosis, the volume of circulating blood 
thus increases This increase is a compensatory response of the 
body, because laiger volumes of blood are lequiied to transport 
adequate amounts of oxygen if the blood flow is slow ^ 

The degree of lieait failure is very important to assess the patient s 
condition Lang (1934) suggested that fom degrees of heart failure be 
differentiated This classification is now used in a slightly modified 
form in a paediatric cardiology (Table 20) 


General Principles of Treatment of Heart Failure 

Intensive therapj in children with heart failure is aimed at elim- 
inating or lessening hypoxia and liypoxaemia, decreasing the 
load on the lessei and greater circulation, improving myocardia 
contractility, coriecting electiolyte balance, and controlling acidosis 

and vitamin deficiency , x ^ 

Control of hvpoxia During hypoxia the concentration m the 

heart muscle of macioergic phosphorus compounds an g 
decreases, the content of lactic and Pyruvic 

activity of tissue enzymes becomes inhibited, and ^he electroly^ 
balance is upset (the intracellular sodium 

decreases) Oxygen deficiency has an adverse effect on the conduc 

tion system of the heart ^ on /,n 

Prolonged inhalations of humidified gas ?ore Se 

of oxygen increase oxygen tension in the myocardium, restore th 

decreased tissue respiration in the heart child 

.nnow to the heart 1 StoX^^ 

for 20-30 minutes with subsequent gradua re j-n jy The lesser 

2 Accelerated withdrawal of liquid mannitol 

circulation can be unloaded by using lur ^ admimstra- 

(a) a single dose of lasix for infants is 3-5 mg/Kg 
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tion should be repealed m 4-6 hours The electrolytes should be con- 
trolled, (b) mannitol is an effective osmotic diuretic. It should he 
administered in a dose of 1 g (dry substance) per Kg hodj v eight, in 
the form of a 15-20 per cent solution in 20 per cent gluco'^e or iso- 
tonic sodium chloride solution, (c) ganglioblocking agents are used 
m cases -with markedly increased arterial pressure A 5 per cent 
pentamine or a 2 per cent hexonium solution are administered slovly 
into the vein m a dose from 0 5 to 1 5 ml in a 40 per rent glucose 
solution (with permanent control of the arterial pressure). 

3 Bronchodilating and spasmolytic drugs Aminopbyllinc is 
widely used now to treat cardiac failure It has a marked cardioton- 
ic effect and activates respiratory en7jmes of the heart cells, suc- 
cinyl hydrogenase and the cylochromic system Aminophylline has a 
broncho-, vasodilator and diuretic effect; it stimulates contraction 
of the myocardium and improves haemodynamics in the lesser cir- 
culation The preparation is administered inlra\enouslj in a dose of 
1 ml of a 2 4 per cent solution per one yeai of age (1-2 ‘times a day) 
Aminophylline is contraindicated for hypotension 

Improvement of myocardial contraclihly. Caidiac gK cosides are 
most effective pharmacological means to treat heart failure They 
have varied effect on the cardiac rhythm, myocardial contractility, 
on the energy, electrolyte, and hormone metabolism, and on the 
condition of the nervous system and the circulation regulating 
apparatus When prescribing cardiac glycosides to children, the 
age ot the child should be considered It has been established that 
the concentration of cardiac glycosides in the infant myocardium 
increases much faster The gap between a therapeutic and toxic dose 
ot cardiac glycosides is very narrow The therapeutic effect can 
he attained with optimum doses, smaller doses are ineffective, 
i&gor doses can cause poisoning A correct dose of cardiac 
faflure decrease sjmptoms of heart 

glycosides stimulate contraction of the heart muscle at a 

resistance Diastole elongates, 
II f ^ greater amount of blood, and the blood 

The hlnnd ^ pulmonary artery at a greater force 

Tntvivpl f ^® ^^crease 

trplt f ministration of strophanthin is widely used to 

catpd thncip ailnre in children If strophanthin is contraindi- 
hp ii<;pd 'wfiich are best known to the phj'sician should 

StronW^f. Ld corglycon, digoxin, celanid (isolanid), etc 

TheiflsP ^ clearance coefficient 

withdrlwnwln^^+u® because of the rapid effect and easy 

fill ^^® clinical effect is attained in 60- 

minutes following the intravenous administration. Strophanthin 
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IS almost devoid of cumulative properties Its mam bulk is eliminat- 
ed from the body in 6-S hours 

Corglycon has a strophanthin-hke action, but is weaker than stro- 
phanthin The therapeutic effect of corglycon given intravenously 
becomes evident in 20-30 minutes and lasts from 8 to 10 hours, 
Corglycon is administered intravenously in 10-20 ml portions of 
20-40 per cent glucose solution Doses of cardiac glycosides are in- 
dicated in the Appendix Cardiac glycosides should be administered 
slowly, during 2-5 minutes Rapid administration (especially of 
strophanthin) can cause vomiting, arrhythmia (bigeminy), slow 
and irregular lespiration, and a sudden sloAving of the heart 
Clinically glycoside poisoning in children can be manifested by 
anorexia, flaccidity, irritability, vomiting, and bradycardia ine 
ECG changes the^S-7' vave is low, the T vave changes its confa- 
guration, the Q-7' interval bioadens, and the PQ elongates, extra- 
systoles appear along with disordered conduction m the atria and 

the Nentricles , , + i„c 

Overdosage of strophanthin can cause maceration of the ventricles 

and cardiac arrest Stiophanthin poisoning occurs most y ^ ^ XT’ 
treated for a long time vith digitalis preparations (strophanthin 
action is additive to the action of the glycoside bound 
muscle) Cases of strophanthin overdosage should be treated by in- 
travenous administrations of papave^m® or 
solutions (the dose depends on age), 20-50 ml of a 2 p thiol 

citrate solution (intravenous drip), panangin, a 5 per cent un t 

ing glucose, insulin, and potassium d^oride is vi . , ^ene- 

prove metabolism in the heart cells This mix r Q^ida- 

tration of potassium into the cell, f tp A Lla- 

tive phosphorylation, and promotes accumu a i 

rizing mixture of the following composition can ^®^®®® cocai bo- 
glucose (150-200 ml), insulin 2-3 units, panangin 5-10 ml, cocaibo 

^ylase 100-200 mg, vitamins ®^rpp g^^^^other thiol enzymes, 

2 In order to activate insulin. Air as Tlmthiol also im- 

unithiol IS administered in ® ® and decreases 

proves tissue respiration and oxidative piio p y 

blood coagulability are very important for the 

3 Vitamin Bi and cocarboxylase a , \ muscle is im- 

Plasticity of heart fibres Metabolism in sodium bicar- 

proved by administering vitamins J32> and magne- 

bonate, and panangin Panangin ^ facilitates penetration 

Slum ions and includes aspartic acid, „gj,„y and plastic prop- 
of these ions inside the cell to improve p should be admi- 

erties The dose is 1 ml ^ the loss of 

nistered in any affection of the heart m 
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the potassium and magnesium ions and to prevent aggravation of 
the condition The pieparation is produced in 10 ml ^ampoules con- 
taining 0 4 g anhydrous magnesium aspaitatc and 0 452 g anhydrous 
potassium aspartate The content of one ampoule is administered 
slowly into the vein in emergency cases A coated tablet of panan- 
gin contains 0 14 g anhydrous magnesium aspartate and 0 158 g 
anhydrous potassium aspartate In severe cases it is recommended 
to take 2 tablets three times a day during a week If the condition 
IS of medium gravity, Vg-l tablet can be taken three times a day 
Contraindications for panangm are acute and chronic renal failure 
and hyperkalaemia 


Lung Oedema 

Oedema of the lungs can occui in many diseases leading to failure 
of the left chambers of the heart, such as seveie confluent pneumo- 
nia, bronchial asthma, anaphylactic shock, comatose conditions, 
tumours of the brain, poisoning with organic phosphorus compounds, 
injuries of the head oi chest, intracranial haemorrhage, epilepsy, 
renal failure, etc 

Pathogenesis Pathogenesis of lung oedema is a disputable prob- 
lem But all cases are characterized by accumulation of excess fluid 
in the lungs due to increased transudation The latter can he caused 
by 1— increased blood pressure in the pulmonary capillaries, 2 — 
increased vascular permeability in the lesser circulation, 3 — decreased 
•oncotic and osmotic pressure of blood, 4— increased filtration area, 
5— increased water-binding capacity of the pulmonary tissue, 6— ■ 
decreased filtration counter-pressure in the lungs, and 7 — upset 
lymph outflow 

Lung oedema can he intensified by a — pronounced and long- 
standing hypoxia, b— hyperexcitation of the sympathetic part of the 
vegetative nervous system, c— upset electrolyte metabolism with 
retention of sodium in the pulmonary tissue, and d — increased 
volume of circulating blood 

Oedema of the lungs associated with cardiovascular pathology 
is explained by disagreement between the inflow and outflow of blood 
trom the lesser circulation, which is accompanied by elevation of 
the capillary pressure and increased filtration area The cause of 
toxic oedema is the breakdown of integrity of the capillary walls by 
poison 

The precursors of allergic lung oedema are allergic affections of the 
pulmonary vessels and increased content of histamine and serotonin 
Increased blood pressure in the lesser circulation capillaries up- 
sets the gas exchange between blood and atmospheric air Hypoxia 
develops progressively and this in turn increases vascular permea- 
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to a btill gieater extent Duo to the pievalence of hydrostatic 
piGssure ill the piilmonarN capillaries over oncotic pressuie, the 
ihiKl ricli in proteins exudates into the alveoli When mixed with 
an the fluid foams and iills the lumen of the alveoli to interfere 
Mitli gas exchange thus intensifying hypoxia This promotes a 
rapid oedema of the lungs 

Clituc Lung oedema can lun a fulminating course, hut in some 
cases it can dexelop dining ‘^e\eral days and liaxm relapses An at- 
tack of oedema often occurs duiiiig the night due to decreased heart 
rate and relalixoly increased blood supply to the lungs The patient 
'\akes up, sits in his bed, and is fiightened in anticipation of an on- 
coming attack of asphxxia This condition is attended by a hor- 
nional stiess and incieased ‘'Ccrelion of epinephrine and norepine- 
phrine into the blood, and also l)^ the release of histamine (from 
compounds in \\hich it is hound) This nil incieases the spasm and 
permoahilitx of the \esscls Asphvxia is followed by liberation of 
foaming sputum, which is usually pink oi yellowush due to the pres- 
ence of blood and laige amount of plasma piotein Tachypnoea and 
coughing increase respiialioii becomes guigling (heard at a dis- 
tance) cyanosis intensiiies, and a maiked tachycaidia develops Am- 
ple foamy sputum intensifies asphvxia, thus aggravating symptoms 
of acute lieait failure 

Auscultation of the lungs reveals numeioiis moist rales of various 
calibers, wduch intcrfeio with auscultation of the heart, the pulse 
IS fast and low Artoiial piessiiro depends on the cause of lung oedema 
end competence of the heart muscle Tlie arterial pressure in pa- 
tients with decompensated cardiac activity decreases, it increases 
in the absence of decompensation 
X-ray studies of patients wuth lung oedema leveal symmetrical 
cloud-hke 'shadow's, wutli the higliest opacity in the zone of the loots 
These shadows aie continuous wuth the shadow’^s of the roots and 
give the picture of butterfly wungs 
Intensive ilieiapy of lung oedema. Despite the high variability 
nf forms of lung oedema, the main methods of pathogenetic and 
symptomatic treatment are applicable piactically to all cases Com- 
plex treatment should bo begun immediately in the presence of the 
first suspicions foi oedema The treatment should be aimed at (a) 
restoring patency of the airways and control of hypoxia, (b) decreas- 
ing load on the lesser circulation, (c) improving contractile function 
of the myocardium, (d) lessening the increased permeability of the 
Pnimonary membrane, (e) increasing osmotic properties of the blood 
nnd forcing diuresis, (f) correcting electrolyte balance, controlling 
ocidosis, vitamin deficiency and hyperthermia 
Restoration of patency of airways 1 Excess fluid should be re- 
nioved from the airw^ays by aspiration, a piece of gauze can be used 
fo remove mucus from the mouth 
16-01222 
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2 Tlic qincklv foaming ocdoinaloiis fluid (onl, lining prolcin'- li.t^ 
low suiface tension and incioa^-os lapidh llu* .imonnl of iniKU'- pio- 
voking aspliY'^ia Alcohol ^apo^n dccioa‘' 0 '' foaming 'I here are 
several methods liv vhicli alcohol \aj)oiii iidiahition can he condtnl- 
ed The simplest method is by moans of Bohiox apjiaialu^ When 
tieating infants, a 30-75 per cent alcohol ‘■honld lie n^ed (')(» per (cni 
alcohol foi older childien) The appaiahis i^. connected to an o\^gen 
cylindoi 

3 Nasal Inhos or masks are ii‘-ed with childien 0\\gen i^- deli- 
vered at a late of 2-3 1/min, which coiiesponcK appro\im.ilel\ to 
its 25-35 pel cent concentiation To eliminate lupovaeniia the o\\- 
geu flowMalc should he incioasod to 10-12 kinin in the pie-'cnce of 
maiked oedema of the lungs Ovvgen with .ihuhol ‘'honld he inhaled 
for 30-40 minutes, inhalations should follow at 10-15 minute inter- 
vals, during which the patient ■'honld hieathe o\^gen alone This 
prevents e\cessi\e absorption of alcohol If inhalation of owgen 
and alcohol is earned out at an inten‘;ne theiapy unit, an\ anae‘'tho- 
sia apparatus can he used alcohol should he placed in the \apori/cr 

An organosilicon polymei is widely u‘-ed a*' an anti foam mg agent 
After 2-4 minutes of inhalation of the antifoain piepaiation, the 
foaming and guigling stop and the amount of moi‘'t rales in the 
lungs and cyanosis decieasc 

Deci easing venous flow to the light venti icle Thi*- le'^seii'^ the load 
on the Icssei circulation 


1 The venous Dow^ is decieased bv placing tournic}ucts on the 
lower evtremities for 20-30 minutes (with a sub‘-equcnt giadual 
release of the pressure on the veins) The head end of the bed should 
be elevated carefully 

2 Diu^tics are wndely used (a) furosemidc (lasi\) is now veiy 
popular The daily dose foi infants is 3-5 mg/kg In oedema of me- 

lum gravity in older children (or if an attack is mild), the dose of 
20 mg IS recommended for a single intake If this is ineffectne the 
dose should be doubled or even tripled in 15-20 minutes A furosemide 
ampoule contains 2 ml of a 1 per cent solution, i e 20 mg The ini- 
tial dose IS 10 mg, if it fails, the dose should be increased to 40-60 mg 
io prevent liypokalaemia, potassium chloride should be adminis- 
tered intravenously (see Chapter 25) Lasix is effective in patients 
with increased or normal arterial pressure In patients with hypo- 
tension lasix does not always effectively cause sufficient diuresis 
(due to decreased glomerular filtration), 

^ novurit is now widely used as a mercury diuretic It is given 

I? 4-5 days) The diuretic effect 

IS seen m 30-40 minutes followung the injection The preparation 

inflammatory changes in the kidneys, 
tc) lb- and dO pei cent sterile urea solutions (0 5-1 g/kg) are used 
5 op 11 ize so ution should be preferred Urea causes considerable; 
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diuresis and the hladdei should theiefoie be fust catheterized The 
iua\iinum effect is attained 60 minutes aftei the injection, the diuret- 
ic effect lasts from 3 to 10 hours A single injection of urea does not 
cause considerable changes in the electrolytes of plasma hut the 
changes mav occur duiing repeated urea administrations, 

(d) mannitol is a stiong dehydrating agent, it is less to\ic, is 
not iiuolved in metabolism, is quickly distributed in the inter- 
cellulai space of the bodily tissues, and rapidly ^Mthdrawn from 
the body The dose for children is 1 g (as dry substance) per kg body 

eight (as a 15-20 per cent solution in 20 per cent glucose solution 
or in an isotonic sodium chloride solution) The preparation is admi- 
nistered by drops, at a rate of 10-20 drops per minute Intravenous 
administration of hypertonic mannitol solution accelerates moderate- 
ly the sodium withdiaval by the kidneys, excretion of potassium 
with the urine also slightly increases But osmotic diuretics (urea 
and mannitol) should be administered with care and appropriate con- 
trol because during the first stage of their action the volume of circu- 
lating blood iiicieases along with increasing load on the affected 

(e) intravenous administration of 2 4 pei cent euphylline solu- 
tion (from 5 to 10 ml in 10-15 ml of a 40 per cent glucose solution) is 

also effective in control of lung oedema, 

(f) osmotic properties of blood can be increased by admims er- 
ing hypertonic glucose solution (20-40 per cent) While increasing 
the osmotic properties of blood, h 3 ''pertonic solutions resist the 
transition of fluids from the blood vessels into the tissues and the 
alveoli They also have diuretic properties Vasodilating prepra- 
tions (e g phentolamine, nitroglycerine, sodium nitroprusside) act 
diiectly on the peripheral vessels and are quite effective for lung 
oedema, ganglioblocking agents (hexonium, pentamine arfonad) 
are also efficacious they dilate the arterioles and capillaries and 
retain a considerable amount of blood in the peripheral vessels to 
promote blood redistribution between the lesser and greater cir- 
culation This therapeutic method is called bloodless blood 

Sodium mlroprusside is the most popular Preparati^oii of the first 
group Its effect is rapid, it is easy to batch, and its lialf-l.fe per od 
IS short Sodium nitroprusside is administered into the ^ ein at a 

rate of 0 5-5 0 ug/kg per min , 

Arfonad is considered to be the best in t e ^ , P , „ 

mam advantage over the other preparations is the short half-life 
neriofl Arfnnad is intended for older children Gangliohlockers 
are rarely used in infants because it is difficult to 

doses Arfonad is administered by ni-5,,ous 

200 ml of isotonic sodium chloride solution) The 

in 3-5 minutes after the pressure begins decreasing In order to pre- 
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vent orthostatic collapse during administration of arfonad, the 
head end of the bed should he lowered 

Vasodilating and ganglioblocking preparations should be admi- 
nistered with a constant control of arterial pressure Systolic pres- 
sure should not decrease by more than 25 per cent If the pressure 
fall IS greater, the administration of the preparation should he 
discontinued and vasopressor preparations, such as norepinephrine 
oi mesaton, should he injected intravenously in doses to 1 ml of a 
0 1 per cent solution 

Diseases of the liver and kidneys associated with their dysfunction, 
and also severe circulatory failure are contraindications for control- 
led hypotension Ganglioblocking preparations shuold be admi- 
nistered with great care to patients with mitral stenosis 

Decreasing vascular permeabiliiy Calcium gluconate, vitamins 
P and C, and also nicotinamide are used for the purpose 

The preparations of the phenothiazine series have a regulatory 
effect on capillary permeability and remove pathological reflexes 
in the lesser circulation vessels, they also have a sedative effect and 
can decrease pressure in the lesser and greater circulation The 
use of aminazme is not however indicated for patients with normal 
or decreased arterial pressure because of its marked hypotensive 
effect A lytic mixture containing derivatives of the phenothiazine 
senes (aminazme) and antihistammic preparations (pipolphen, sup- 
rastin, diphenhydramine) in 20 ml of a 40 per cent glucose solution 
should be administered intravenously m lung oedema (0 1 ml per 
year of age) The lytic mixture contains a 1 per cent promedol so- 
lution, which IS given in a dose of 0 1 ml per year of age The mix- 
ture should be administered slowly m the course of 5-10 minutes, un- 
der constant control of arterial pressure In order to decrease the 
hypotensive effect of the mixture, it should be administered m 
100 ml of a 10 per cent glucose solution 

Older children should be given the same doses as adults 1 ml of 
a 2 5 per cent pipolphen, 1 ml of a 1 per cent promedol solution, 
0 2-0 5 ml of a 2 5 per cent aminazme solution with an additive 
of 0 5 ml of a 0 05 per cent strophanthm solution In several mi- 
nutes which follow after the administration of this mixture, dys- 
pnoea and cyanosis decrease, the amount of moist rales in the lungs 
diminishes, the pulse slows down, and the patient falls asleep due 
to a strong sedative effect of the mixture 
Corticosteroids normalize pathologically increased vascular per- 
meabilitv Moreover, adrenocortical insufficiency develops in se- 
vere cardiovascular pathologies This, m turn, causes a fall of the 
arterial pressure Prednisolone is administered intravenously to 
children m a dose from 1 to 2 mg/kg, irrespective of age If the attack 
is of moderate gravity, Vg daily dose is administered by a single 
injection, while the remaining quantity should be given per os 
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If the arterial pressure is low, the daily dose should he administered 
during the course of 90-120 minutes, in 7 5-15 mg portions, at 20- 
oO-minute intervals 


If oedema of the lung is due to left ventriculai heart failure, an 
important measuie is intravenous administration of caidiac glycosides 
0 maintain contiactile function of the myocardium Strophanthiu 
IS the most efficacious substance for acute heart failure With in- 
travenous a^dminislration its effect is practically immediate and 
persists for 7-8 hours Strophanthin increases systole and the minute 
volume, it decreases venous pressure, and the heart becomes able 
to intensify its contractions in response to increasing load, the blood 
now IS also accelerated Stioplianthin is usually administered in a 
dose of 0 5 ml of a 0 05 pei cent solution in a 40 per cent glucose 
A A single stropliantlim dose for infants is 0 01 mg/kg, or 

0 02 ml of a 0 05 per cent solution per kg body weight 
Correction of acidosis This is attained by intravenous administra- 
tion of a 4 per cent sodium hj^drocarbonate solution (2-4 ml/kg) 


ACUTE VASCULAR INSUFFICIENCY 

Vasculai insufficiency occurs in cases where the balance between 
the circulating blood volume and the capacity of the vascular system 
IS upset 

Clinical picture and diffeiential diagnosis Treatment of vascular 
insufficiency differs from treatment of heart failure, differentia- 
tion between these pathologies is therefore necessary to ensure pro- 
per treatment The patient with heart failure prefers an elevated 
posture because the volume of circulating blood increases in the 
horizontal position to intensify dyspnoea When the patient lies, 
the muscles of the shoulder girdle are not involved in the respirat- 
ory act The horizontal position of patients with vascular insufficien- 
oy IS more physiologically comfortable because the circulating 
blood volume increases and the blood supply to the brain is improv- 
od The skin of a patient with heart failure is cyanotic (mostly 
acrocyanotic), while in vasculai failure it is pallid and covered with 
cold sweat The neck veins of a patient with heart failure are en- 
gorged, while in patients with vascular failure they are empty and 
invisible Arterial pressure falls and venous increases in heart fail- 
ore, while in vascular failure both the arterial and venous pressures 
are low The heart is enlarged in cases with acute heart failure and 
the gallop rhythm is not infrequent The dimensions of the heart 
m vascular failure remain normal and the gallop rhythm is absent 
Heart failure is characterized by congestion in the lungs and the 
liver, while these symptoms are absent in vascular failure 
When applying differential diagnosis it is necessary to remember 
that acute heart failure may combine with vascular insufficiency 
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Table 21 gives comparative characteristics of acute heart and acute 
vascular failures Vascular failure manifests as syncope, collapse and 
shock 

Table 21 Diffeiential Diagnosis of Acute Heart Failure and Acute 
Vasculai Insufficiency 


Physiological parameters Heart failure 


Vascular failure 


Characteristic position 
bed 

Peripheral veins 
Skin 


Cardiac dullness 
Liver 

Congestion in lungs 
Respiration 

Arterial pressure 


^ enous pressure 
Circulating blood 


Elevated 

Engorged (neck veins pul- 
sate) 

Cvanotic, mostly acrocy- 
anolu 

Enlarged 

Enlarged 

Present 

Accelerated, often intense 
and difficult 

May be decreased (mostly 
systolic), sometimes inc- 
leased, pulse piessuielow 
Increased 
Increased 


Horizontal 

Collapsed 

Pallid and sweaty 
Diffuse cyanosis is fre- 
quent, grey cyanosis 
Noimal or diminished 
Usually normal 
Absent 

Acceleiated, shallow , easy 

Always decreased (mostly 
diastolic) 

Decreased 

Decreased 


Intensive theiapy of acute vascular failuie The complex treatment 
should be aimed at the following (a) restoring the circulating blood 
volume, (b) improving microcirculation, (c) decreasing reflex 
impulsation associated with injury in the vascular wall, (d) elimina- 
tion of acidosis and metabolic disorders The therapy depends on 
the degree of vascular insufficiency and the stage of shock Spasm 
of arterioles occurs at the first stage, owing to which a considerable 
part of capillaries is excluded from the circulation, which is a com- 
pensatory reaction of the body Arterial pressure remains normal 
because the decreased volume of circulating blood is sufficient for 
filling the decreased capacity of the vessels, but the organs and 
tissues suffer from insufficient blood flow-rate Vasoconstricting 
preparations are contraindicated in such cases The first ineasme 
to be taken before the vessels are affected by paralysis is restora- 
tion of the circulating blood volume 

Haematocrit and the central venous pressure should be controlled 
in massive blood transfusions Thej’^ characterize efficacy of the 
therapy and the load on the heart Increased central venous pressure 
indicates overload on the right chambers of the heart because of the 
increased blood mfloiv to them High haematocrit and low central 
^enous pressuie indicate sufficient amounts of transfused lilood and 
iliiids 
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Low arteiial pic'^sme indicates weakened compensatorj mechan- 
isms and paialjsis of the vessels In such cases, along wntli blood 
■tiaii'jfnsion it m necessary to administer vasoconsUiclmg substances 
It sbould be remembered that no medicamentous therapy can 
■compensate for the dericient amount of fluids 

Analgesics, antibistaminics and sedatives can be indicated for 
acute \a':culai failuie The diseased cbildien need oxygen therapy 
because hypoxia and In poxacmia develop due to decreased blood 
bow -rale 


Syncope 

This IS a mild foiin of acute \asculai failure with a short-lasting 
nnconsciousness caused bj a liansient cerebral ischaemia 

Aetiology and pathogenesis A syncope is in most cases caused by 
an acute leflex fall in the arterial tone Dystonia of the sym- 
pathetic nervous ‘system and increased tone of nervus vagus, causing 
a considerable fall in the aiteiial and venous pressure, occur usually 
■>11 children wutb increased ^asoraotor and emotional lability Acute 
infectious diseases of the near past, debilitation of the body due to 
staivation or undereatiiig predispose to syncopes A syncope can 
occur during an injection from a skin puncture by the needle, in the 
sight of blood, duiing tooth extirpation, during an abiupt transi- 
liori from the lying position to the upright posture As a lule, the 
syncope occurs unexpectedly In some cases the faint is preceded by 
dizziness, stars in the eyes, nausea, the feeling of heaviness and 
numbness in the aims and legs 

Clinical pictuie The condition of the child is characterized by 
pallor of his skin and mucosa, the wdiites of the eyes are seen, the 
pupils aie contracted and do not react to light, respiration is shallow 
and &low^ the pulse is small and lows the limbs are cold the child is 
■covered with cold swmat Aitenal pressure is very low, the peripheral 
veins are empty This condition can last from a few seconds to 2-3 
minutes The child regains consciousness he opens the eyes, his lips 
begin moving, he responds to extraneous stimuli, colour begins to 
return to the face 

It IS necessary to differentiate betw^een a syncope and a hysterical 
nr epileptic faint, acute heart failure, and comatose conditions 
A minor epilepsy attack is characterized by a loss of consciousness for 
1-2 seconds the child suddenly becomes motionless during his 
game or talk, his eyes become fixed, the eyelids or face muscles begin 
twitching A hysteric attack does not alter the colour of the face, the 
pulse IS normal, the eyelids tremble A coma is characterized by 
a longer loss of consciousness, grave general condition, disordered 
vital functions, and symptoms corresponding to a particular type 
of coma 
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Treatment The child should he biought into fresh air, Ins collar 
should be undone, the waist loosened, he should be placed in Iho 
1 L with his legs slightly elevated over the head Ici- 

ei Water should be sprinkled over the chest and face, the child should 
be called up loudly by name and ammonia spirit given to smell If 
these measures fail, caffeine, cordiamine, ephedrine or other sti- 
mulant should be injected subcutaneously in age doses 


Arrhythmias 

frequently in grovn up children, although 
orders of t fp ages They arise due to dfs- 

excitabilitv ^^^e heart muscle automatism 

excitabilitj , conduction, and conliactihly Some types of arrlivth- 

ZanT the fn^lion ofiital 

SZd am 1 ““‘'5’“'“'? ‘l>orrfore bo constantly 

Observed and treated at intensive tlierapy units Amone such arrhvth- 

ZUTe anZ“;:farnttrr,Tn^^ 

sSme Wock mth tbe Morgagni-Adams-Stobes 


Paroxysmal Tachycaydia 

nomal Zf ptZli^fr, times e.tceeding the 

of extrasvstoles which e ean be regarded as a succession 

yah ^“Otber at regular frequent inter- 

tachycardia ’are diSerentmtS paioxysmal 

chdd feeli d^i^cSortmthe heaft f suddenlv The 

rate increases from 150 to ^ ^ 

ness and nausea v“miW T feels dizzi- 

tbe child loses ’consciousness rp develop, and sometimes 

intervals) is espSTv Xrpttp^ . 10-15-minute 

pallor of the skin and ZZ the child reveals 

develops if an attack is proloEeeTZti°t *1“ 

terial pressure falls and dxrcnt,^ d Heart failure is possible, the ar- 

are enlarged Tbe heart Winnd^^ develops The livei and the spleen 

broaden AuscStatm^revS can later 

1 i'Zrali^suJ 

diastole and decreX^tbXl^nd^X^^™^^ tacbjcaidia shorten the 
ume decreases as well fdLm?e the SX i" 

to tbe organs and tisLipcfic ti heart rate) The blood supply 

tion in tisZs decreases A1 

atria and the ventricles pccmX contraction of the 

ventricles accounts for incomplete emptying of the 
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atria during a diastole, A\hich is shoit, the blood is regurgitated into 
the ^elns during atrial contractions The neck veins aie strongly 
engorged and the jugulai veins pulsate synclironously with the 
atrial contraction'; Venous congestion occurs in the gieater and 
cs'or circulation as a result of which pulmonary gas exchange be 
comes upset with the development of hypoxia and hypoxaemia 
Changes of the blood circulation me pronounced only during 
prolonged attacks E\en frequent but shoit attacks have no effect 
on the ciiculalion of blood 

The atrial form of paro\\‘<mal lachvcaidia is characterized by 
niarkcdh ‘jhortcr T-P inteival and the P wave superimposes on, 
the 1 wave to disfiguie it, the vcntriculai complex can be normal' 
or altoicd If the P wave is supeiimposed by the T w^ave, it can bo 
located onlv In compaiison of ECG on termination of the attack 
During atrio\ entncular pmoxvsmal tachycardia the P wave de- 
pends on the localization of the ectopic focus If it is in the atrial 
portion of the node, the negatne P wave piecedes the R wave, if 
It IS in the middle portion the P and R waves are superimposed, and 
the negatne P waAO is difficult to differentiate, if the focus is in tho 
lower portion of tho node, the negative P wave is found betw^een 
the R and T w a\ os 

During \entriculai paioxjsmal tachycardia the P wave is absent 
Mhile the ^ entncular complex is disfiguied In order to differentiate 
between the forms of paroxysmal tachycardia, it is necessary to 
Compare ECG taken during and aflei tho attack 
■Ihe amplitude of the first and second heait sounds increases 
bbd of the thud cound decreases in the PCG taken during the attack 
0 paioxjsmal tachycardia, systolic muimur can be beard The pho- 
nocardiographic picture normalizes on abatement of the attack. 

^reaimeni In diseases of the cardiovascular system paroxysmal 
^cliycardia impairs drastically the condition of the child, normal- 
zation of the heait ihydhm becomes an uigent necessity;^ The attack 
sometimes be arrested by reflex irritation of the nervus va- 
gus Preqgypg eymball or the carotid sinus (on the right side) is 

PP led for the purpose These techniques are more effective for the- 
^irial form of tachycaidia The Valsalva test can also be used after 
10 ^ 90 ^ inspiration the maximum attempt at expiration is made for 
t) seconds wuth the nose and mouth tightly closed 

e^^ective are mechanical methods that can be performed by 
f Patient himself (1) slow^ and deep respiration, (2) keeping breatli 
IT, time wnth the body in the horizontal position, (3) artificial 

vomiting, (4) swallowing of solid food or drinking car- 
tlip ^1 (5) strong pressure on the upper abdomen, (6) pressing 

tt the abdomen, (7) sponging with cold water 

j.. iSfily efficacious preparations for elimination of attacks o pa 
^Jsmal tachycardia are beta-blockers, eg anaprilin, obsidan. 
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lias boon slndicd liost of all The absence of effect fiom using all 
monlionod means is an indication foi electric impulse therapy 

Ainal Fibrillation 

This IS the anlnlhmia chaiactou/ed by iriegiilai contractions and 
tyilching<; of separate groups of the aliial muscles, which occui in- 
f^load of noinial atrial contiaclions 

Aetiology and pathogenesis Atrial hbrillation aiises during an acute 
attack of actne iheumatism, m some congenital heart diseases (defect 
of the interatiial ‘septum, tricuspid abnoimalities, interventricular 
i^eptum defects), in diphtheritic and piiiuary idiopathic myocarditis 
Atrial iibrillation can occur after admimsliation of digitalis prepa- 
rations, adrenaline, acetylcholine potassium, and also dining ca- 
theteiiration of the heart 

Clinical picture Depending on the contraction rate, atrial fibril- 
lation and atiial fluttei arc d liferent rated Flutter and fibrillation 
^^ere foimcrlj considered to be different affections But these forms 
of allll^ tlimia can coinert into one another and therefore they are now 
described as yanations of one and the same disease The contraction 
late duiing atiial fluttei vanes between 200 and 350 per minute, 
i\hile in fibrillation contiaclions vaiv belveen 350 and 360 The 
rate of ^onlrlculal contractions in such cases is 2 or 3 times lower 
Accoiding to the frequonej of heait conliactions per minute, three 
foiins of atrial fibiillation are distinguished lacliy-, brady-, and 
nornio-arrlivlliniic The lachy-arrhythmic form is the most com- 
mon Next follow nor mo-ai rhythmic, and still less frequently oc- 
curs the brady-aiihytlimic fibrillation 

Children xmIIi the tachy-anhythmic form complain of pain in 
Bie heart, palpitation, bad condition, deranged sleep and appetite 
Auscultation le veals systolic murmurs, heait sounds are dulled dur- 
'og lapid contractions Slapping sounds folloxv at irregular intervals 
The appearance of slapping sounds is probably associated xvith 
insufficient filling of the ventricles with blood due to a markedly 
■shortened diastole Many contiactions of the atrium do not reach 
the periphery because they are generated folloxving a very 
short diastole' Simultaneous counting of the heart rate (by auscul- 
tation) and of the pulse rate on the ladial artery is used to deter- 
mine the pulse deficit, xvliich is a typical clinical manifestation of 
this foim of arrhythmia 

The main EGG characteristics are the absence of the P xvave or 
appearance of many very small P xvaves (in compliance xvith tho 
fibrillation rate) and irregular spacing of ventnculai complexes 
The ventricular complexes are usually disfigured due to supenm- 
Position of the atrial xvaves or heart affections The tacliy-arrhyth- 
mic form of atrial fibrillation causes congestion in the lesser circula— 
lion and heart failure 
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The brady-arrhythmic form of atrial fibrillation is cbaracterized 
by the heart rate not exceeding 80-90 per minute The diagnosis of 
tins form is difficult because the heart rate is neaily noimal Diag- 
nosis IS established by thoroughly auscultating the heart and count- 
ing the pulse rate The diffeience in the force and iriegulanty of 
the pulse waves are less distinct than in tachy-arrhythmic fibrilla- 
tion Pulse deficit is small or absent EGG helps establish the diagno- 
sis the P wave is absent and small waves can only he seen The- 
ventriculai complex remains normal hut the intervals between the- 
QRS complexes are irregular The pulse wave and the incisuie 
on the carotid curve of a sphygmogiam are absent, the amplitude- 
of the pulse wave on the radial artery curve is low; secondary waves 
can be seen 


The normo-arrhythmic form of atrial fibrillation occurs suddenly, 
after a strong emotional stress, and can develop in practically healthy 
children, it can end as suddenly as it began, hut in some cases it 
may convert into a permanent condition 
The tachy-arrhythmic fibrillation should be differentiated from 
polytopic group extrasystoles A correct diagnosis can he estahlishecL 
by means of EGG 


It IS more difficult to diagnose hrady-arrhylhmic atrial fibril- 
lation It can he mistaken for respiratory arrhythmia oi sinus brady- 
cardia Respiratory arrhythmia disappears wdien the patient holds 
nis Preath Physical exercise removes sinus hrad;jcardia, while the 
hrady-arrhythmic form of fibrillation converts into the tachy-arrhvth- 
mic term during exercise 

Treatment Digitalis preparations, quinidine and quinine are used 
to treat atrial fibrillation Digitalis has proved to he the most effec- 
ive, it acts on the centre of the nervus vagus and its endings to 
conduction of the impulse, thus causing retardation 
Digitalis increases the tone of the nervus vagus, 
in ^ excitability of the atrioventriculai node This, 

m turn becomes less responsive to the multitude of impulses deliveredi 
froni the fibrillating atria The heart rate is slowed, the diastole 
increases, systole intensifies, and the pulse deficit disappears 
7 digitalis can intensify atrial fibrillation, children over 

a he given 0 05 g while inf ants only 0 03 g (three times 

effprt should be administered till the therapeutic 

tn 70 90 ° "vious ^e rate of ventricular contractions decreases 

dm tat^ fnO The preparation can then be suspended If 

be^?dnifnf!to desired effect, heta-blockers should also 

in adfOtinn i^oderate doses) Verapamil can be given 

efficacinnc: in c ^gRahs and beta-blockers This combination is 
Rest oral inn cases wdmn tachy-arrhythmia is persistent 

onlv bv rii normal rhythm after brady-arrhjThmia is attained 
onlj by diuretics or novocainamide and quinidine Novocainamide 
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is offeclive for paiowsmal aliial fibrillation, -while its efficacj^ is 
low against tachj- and brady-arrliytlimias Qumidme is more indi- 
cated for bradv-arrhylhmia The prepaiation should be administered 
per os in 0.1-0 2 g doses, first once a day and later (in 3-4 days) 
this dose should be given 2-3 times a day If no effect is attained, 
<Iuinidino mav be given in lepcated courses 

Dofibiillalors are now widelv used to treat atrial fibrillation 
Defibrillalion is performed with surface anaesthesia, with voltages in 
the range of 1000-4000 V, impulses lasting for 0 01 second Electric 
discharges stimulate all fibres of the mvocardium simultaneously, 
eliminate asynchronism of excitation and normalize conduction 

Atrial Flutter 

The frequency of atrial flutter varies between 250 and 350 per 
minute, vhile ventriculai contractions follow at a rate not exceed- 
ing 150-180 per minute 

Aetiology Atrial flutter occurs in children markedly less frequently 
than fibrillation It occurs in rheumatic myocarditis in the active 
stage of the disease, in some congenital heart diseases associated 
with significant dilatation of the atria and increased pressure in 
the lesser circulation Several P waves can be seen in EGG during 
each cardiac cycle The size and shape of the P wave are constant 
and the vaves are evenly spaced The QRS ventricular complex 
remains unchanged, but in some cases the P wave is superimposed 
on the P and T waves 

A correct diagnosis is often established by EGG. Treatment is the 
same as for atrial fibrillation 

Complete Atrioventricular Block with 
M orgagni-A dams-S takes Syndrome 

A complete atrioventricular block occurs in upset conduction 
from the atria to the ventricles and they contract independently of 
each other The atria contract from impulses sent from the sinus 
node, while contractions of the ventricles are stimulated by impulses 
arising m the ventricles themselves The rate of atrial contractions is 
almost normal, while the ventricles contract about two times slower 

Gonduction in the atrioventricular node, or His’ bundle, is dis- 
turbed due to development of a persistent and strong focus of exci- 
tation (parabiosis) The parabiotic part of the conduction system in 
neurogenic block inhibits transmission of tbe excitation wave from 
the sinus node to the ventricle 

Aetiology Gomplete atrioventricular block can be caused by diph- 
theritic myocarditis, rlieumocarditis, scarlet fever, sepsis, and 
congenital heart diseases Gongenital block is a result of abnormal 
growth of the conduction system in the region of the atnoventricu- 
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larnode andihs’ bundle As inipukcs .iii<'C in this node, the \onlri' 
cles conliact ai a lalo of 40-50 pci niiinilo If llu* '■ile of affection i'^ 
lower, the impulses aiise in the bundle at Ibc point of il^- rainiri(a- 
lion into the left and nglil biaiuh, the venliicles then conir.irl at <i 
rate of 20-30 per niinulc 

If the rale of conlraclions is 40-50 pei ininiite, the caidio\ a'^cular 
system of the child adapts it'^elf to the ‘-low ibvllim Sj stole in- 
cieases (with respect to the blood \olumo), the ventiules eject larg- 
er amounts of blood, and the mvocaidiiim betomcs In fieiti opined 

Clinical pictuie and dta^nwsi'. Slowing the heart rate to 20-30 pei 
minute causes anaemi/ation of the brain and dc\eloj)ment of the 
Morgagni-Adams-Stokes syndiome The patient leeK a sudden dm- 
comfort, dizziness, and then faints The face first reddens and then 
becomes deadly pale with a cyanotic hue 3'he neck \oins become 


engorged, the pulse is impalpable, and the icspiration is deep The 
facial muscles begin twitching, the evtiemities jeik, and the pa- 
tient defaecates and luinates involunlanh The attack ma\ continue 
from a few’’ seconds to 2 minutes If the attack is loiigoi or the heart'"- 
action IS not restoied, the patient dies '\ftci lestoration of the 
cardiac activity, the child regains consciousness 

^ ventiiculai complex QJiS aio located on 

lsLi(j independently of one aiiothoi The numbci of P wa\es m much 
greater than of the ventriculai complexes, and they arc usualK spaced 
evenly Ihe ventricular complexes aie aho regulaily spaced, 
but the P-P interval is much longer The P w a\ c can be seen in 
various legions of the EGG it can precede the QRS complex be su- 
peiimposed on it, oi follow next to it The configuiation of the 
ventiiculai cornplex is normal if the source of rhythmic impulses 
IS found in His bundle above its bifurcation point If the source is 
located in either of the branches, the QRS complex changes its 
configiiration it broadens, a seriated pattein appears on the P wa^e, 
Willie the 1 wave becomes negative 

The diagnosis should be differentiated fiom sinus biadAcaidia oi 
incomplete atrioventricular block A maikedly slowmd piiHo is not 
characteristic of sinus bradycardia Sinus bradycardia can temporari- 
ly be eliminated by exercise or atropine, while the pulse does not 
change in complete block Incomplete block can conxmrt into com- 
plete during physical strain EGG should be used in all dubious cases 

n 1 1 pathogenetic Depending on age, from 

0 1 to 0 5 ml of a 0 1 per cent atropine solution should be injected 
subcutaneous y (or 0 1 per cent adrenaline solution) Gorticostcroids 
are also effective m non-persistent atrioventricular block Gongeni- 

special treatment Attacks of the 
I® sliould be treated wuth subcutaneous 

n r ^ P ephedrme (Vo tablet, 2-3 times 

a day) Gomplete block associated with attacks of the Morgagni- 



Cli 10 Shock 


255 


Ad€'im‘-StolvCS ‘-honld be iii.inagcd l)^ nic.in'? of cardiostim- 

iilalnr'', ■winch <.m ‘.timulalc (he lieail llnongh llio closed chest at 
the de‘-!red rale 


Chapter 19 

Intensive Therapy of Shock 


Sln)clv 1 *’ an e\lreni(*l\ ‘'C\eTe ciilual condition chaiacleii/od hy 
piononiued depre'"'ion of the cenlial nei\oii'' sxsloni, scvoie cential 
and peiiphei.il (.innlalon di<-oidei‘^ and inaiked rospiiatoiv and 
nietaliolu divini haiu O'- llie'-e change'' as a iiile, aiise in losponse 
lo exliaordinariU strong siiinnii can''ed hv ondo- and exogenic fac- 
tor-' In laie cases an adult max dexelo]) a shock in lesponse to a com- 
mon stimulus, hut his initial condition must he giaxm and the react- 
ixitx of the hodx extraordinaiilx high 

The sjiijcitu featiiies of pathogenesis cluneal course and tlieiapy 
of ''hock in childien aie issnciated xxitli a lelalix'O immaturitx^ of 
Some oigans and systems These aic ospeci.iHx' pionoiinced in neo- 
natesand hoc omelcxolled with age The ccielnnl function of neonates 
and infants of the first months of life is x nlneiahle to extraneous 
stimuli and the xitnl functions aio niainlx' icgulatecl hx' suhcoxtical 
Structures the dieruoplialon and the llialamopallidal region In 
these conditions the ccrehial coitex has no significant effect on the 
physiological functions ram and other strong strrnulr are not yet 
locah/ed the coordination of the conjugated regions is absent rsven 
compaiativclx xveak stimuli (pain hxpeifheimra, intoxication, and 
the like) can therefore cause gonerali/ed excitation of the centra 
nervous s^v,lem xxith suhseejuent inhibition and development ot 
shock Tminalnrilv of the nervous structures regulating circulation 
of blood, respiration reactixitx to pain, intoxication, and otlier 
sliinnli accounts for (he lapid onset of severe circulatory and gas- 


oxcliange disturbances m infants 

Aelwhgy and classification There exist many aetiological factors 
which can provoke shock bleeding, dehydration, injury, burn, elec- 
tricity, cold, infection, alleigic response to various medicines, 
blood, proteins, severe heait faihiie, and other . 

The folloxving types of shock commonly occur in paediatric practice 

1 Haemorrhagic (hypovolaemic) shock It develops due to pro- 
fuse bleeding and strong dehydration of the no y nupn 

2 Traumatic shock This can he caused by 

tive injury, burn, exposure to electricity or very loxv temperature, 

compression of the body nnH 

3 Septic shock This type of shock arises in 

septic conditions Gram-negative flora has been recently found to 

he responsible for septic shock 
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4 Anapliylactic shock This can be caused by an allergic resP»nse 
■to administration of antibiotics, transfusion of protein preparations 

^7n ISmn tolbfabove classification based on the aetiological 
iactors, distinguished also are various phases or o s oc ^ 

•erectile, torpid, and terminal Reversible and irreversible types of 
shock are sometimes differentiated 


GENERAL PRINCIPLES 
OF INTENSIVE THERAPY OF SHOCK 

Depending on the type of shock, intensive therapy may have some 
specific features The general principle is a complex pathogenetic 
(therapy aimed at eliminating the current of impulses into the central 


Traumatic (haemorrhagic shock) 




ru? 50 lnlonsl^e Iherapv of shock 
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nervous ^\slom niui tho .t^-orialcd dislmbances in the nervous aciiv- 
lU, at eradicating circnlaton disoiders and oxygen deficit at 
normalizing the mam inclabolic piocesses (Fig 50) and eliminat- 
ing rJieological disordei'; 

Ilic result of anti-shock tlierap\ depends on its timely applica- 
lon, V Inch can be attained b\ a coned organization of the resusci- 
tation ser\ ice All ‘?hock patients should be given the necessary treat- 
ment Avitliout delay and in a definite order Every department in- 
tended to render urgent aid should always bo able to give anaestlie- 
b\ means of special apparalu<;os Steiile systems for intravenous 
inlipions, laryngoscopes and cndotiaclioal tubes, catheters, syiinges 
''ith needles, electric aspirators foi lemoval of mucus from the air- 
alwa\s bo prepared for immediate use 
Shock patients should be placed in the losuscitation unit or ope- 
ratne room \\ithout giMug them anv examination or sanitary tieat- 
menl All diagnostic and medical manipulations should be carried 
out simultaneouslj on tho operation table Clothes should be care- 
fully removed from the victim His condition and the blood group 
should be determined The subclavian ^eln should be punctured and 
catliotenzed according to Seldinger (or venesection should be done) 
f he *'VStem for fluid transfu-^ions should be piepared for use 


INTENSIVE THERAPY OF VARIOUS TYPES OF SHOCK 
Haemorrhagic (Hypovolaemic) Shock 

ho genesis, A considerable blood loss or other body fluid (hy- 
povolaemia) first of all dccieases the cardiac output Tho compensato- 
ry passage of liquid from the pre-capillary and even intracellular 
space into the capillaries lessens the danger only for a short early 
period In lesponse to the decreased cardiac output, the tone of the 
Veins (and then arteries) increases by reflex Blood circulation 
in the vital organs (brain, myocardium, kidneys) is thus maintained 
if hypovolaemia is not corrected, the spasm of arterioles, pre- and 
Post-capillary sphincters increases to slow down the blood flow- 
rate and to impair the rheological properties of blood The formed 
blood elements clog together, the red cells aggregate (sludging), 
and blood is retained in the microcirculatory system The pre-capil- 
fary sphincters are then paralysed to cause stasis, thus intensifying 
the hydrostatic pressure, increasing the capillary permeability, and 
causing oedema of tissues All this upsets metaholism and nutrition 
of tissues A local and then generalized metabolic acidosis develops 
Acidosis impairs the myocardial function Oxygenation of tissues 
IS also drastically impaired when direct arteriovenous anastomoses 
open at the moment of spasm of the pre- and post-capillary sphinc- 
lV-01222 
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iGrs and part of arlciial blood is directed into the \oin'5 h\ passing 
tissues 

Parallel to the described meclianisnis, the incioa^.cd acliNation 
of the sympathoadrenal system (%vhich incrca^^os the \a^cular lone 
and the heart rate) increases also the owgcn demand n iic viciou'' cir- 
cle IS thus formed tissues recjuiic more o\\gen but the owgon sup- 
ply IS decreased This upsets thoii function 
Marked disturbances in the icspiraloit and other functions of the 
ungs, morphological changes (Ihiombus formation, oedema, ale- 
leotasis, fat embolism), i\hich aiise during shock, ha\c made it 
possible to regard this condition as n specific nosological form 
called shock lung A similar picture is observed in renal palhologv 
( shock kidney’) ‘ 

Clinical picture Manifestations of haomoirhagic shock in chil- 
dren depend on the stage Stage I shock in children is marked bj 
anxie y, moderate pallor and tachycardia Arterial pressure can 
be normal and even slightly elevated The central lenoiis pressure 

Respiration is slightly accelerated, 

uml circulating blood \ol- 

nallor and ‘^^^^ctenzed by stupor, more pronounced 

^enom melnrs? t/" n AT[ena\ and central 

taScSns,.^diLT^® (increased haematociit), me- 

25 40 ner rpnt nf ti R-^ood loss and hypo\olaemia ina\ reach 
staee the blood volume During the third 

verl fS and Respiration is 

60 per cent of initial ’Tn!u pressure falls by more than 50- 

Anuria devplnnq TUo ni significant, the pulse is weak 

and metabolic^acidoaia i>y a marked respiratory 

in£ volumP S f ®^°odlossevcoeds40 per cent of the circulat- 
ing volume The fourth stage is similar to afronv 

fluid SmalizTS of thp replenishrnent of the lost 

begins with imprtinn nf ^i° status) Urgent infusion therapy 

sone (25-30 mg/kg) and^vnam?n^C hvdrocorti- 

until the qv«!tnlip ^ (^‘6 ml of a 5 per cent solution) 

should then be 80-90 mm Hg, the infusion 

infused in the -laTOP m ^^®°Poly&lticin should then be 

by eliminat’ne- red ppO normalizes microcirculation 

rapid renlenishmpnt nf ti dextran preparations ensures 

ditoor Xi moderate 

temic haemodvnan)ir<! ^ rheological properties of blood, sys- 

heparinized or at least fresh citrl?e”blood)'' It m°not ^ewmmfnded 
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lo uso blood older than 3 days for children If theie was no bleeding, 
blood substitutes can onh bo transfused But the proportion of 
blood should not exceed 50-60 per cent of the transfused fluid even 
in the presence of blood loss, because niassne blood transfusions can 
cause ‘:e%erc complication'; After blood tiansfusion it is recommend- 
ed to admini'^ler haeinodes (10-12 ml/kg), vhich has detoxicating 
properties improxes microcirculation, and incieases diuresis 
Infusion therap\ is comhined x\ith administration of some phar- 
macological preparations, vhich ensure ^egctatlve protection and 
remoxal of xarious dxsfunctions of vital oigans and systems 
During stab)li7ation of arterial preesme it is recommended to 
administei dropcridol (0 1 ml/kg) to remove vasoconstriction and 
to ensure cfiectne neuroxegetatixe pioloclion Dropendol also 
decrea'ies sencitnitj to catecholamines and inhibits motor activity 
Promedol and nitrous oxide, in combination with oxygen, should 
be used for analgesia, if necessary. 

In the absence of danger of haemorrhage, heparin should obliga- 
torj be used (20-30 U/kg) It should be administered at 3-4-hour in- 
terxalsxMth coagulographic control (oi with Lec-White time control) 
Heparin prexents intravascular coagulation, improves microcircu- 
lation, and IS an effectixe antihypoxant and protector of cell mem- 
branes. 

It IS also reasonable to administer intravenously trasylol or sim- 
ilar preparations (contrykal, gordox), xxhich inhibit the calli- 
crein-kinin svstem x\hose activity increases markedly in shock 
Simultaneously it is neccssarj lo carry out therapy aimed at eli- 
mination of respiratory insufficiency (cleaning airways, inhalation 
oxygen through nasal tubes, and spontaneous respiration xvith 
constant po'Jitix'o pressure) In the presence of pronounced hyper- 
capnia, hypoxaemia, or respirator} arrhythmia, the patient should 
be intubated for artificial lung x'entilation until gas exchange is 
stabilized and the general condition improved The main criteria by 
which the efficacy of the conducted therapy can be assessed are the 
orterial pressure (age norms), normalized microcirculation (disap- 
pearance of pallor, cyanosis, oi marbleization, and restoration of 
colour of the skin), and normal diuresis 

Shock IS in most cases the complication of various pathological 
conditions, which reguire urgent surgical treatment Therefore, 
e Question of possible operation and optimum anaesthesia condi- 
tions arises It is recommended to postpone operation until hlood 
Circulation is stabilized and shock is managed But in critical con- 
ditions (continuing bleeding), the operation should be begun simul- 
taneously with antishock therapy If bleeding is moderate, opera- 
tive intervention may be postponed for 20-25 minutes in order to 
formalize gas exchange and to conduct correcting infusion therapy, 
which xvill minimize the risk of anaesthesia and operation 
17 * 
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Traumatic Shock 

A common aetiological factor is a trauma or pain syndrome But 
these factors are usually combined with blood loss 

Pathogenesis Traumatic shock develops like haemorrhagic shock 
in many respects But the triggering meclianistn of microcirculalory 
disturbances in seveie injuries is a current of pain impulses The 
specific character of genesis of shock depends on the cliaracter of 
trauma respiratory distress in injuries of thoracic organs, the danger 
of fat embolism in fractures of tubular bones, etc 

Clinical picture The course of traumatic shock in a child differs 
from that in an adult the erectile stage is not always quite ob- 
vious At the same time, in the absence of profuse bleeding, the 
arterial pressure can be stable for longer periods of time The respi- 
ratory function IS however depressed in children sooner than in 
adults 

Intensive therapy The therapy of traumatic shock usually be- 
gins with treatment of the pain syndrome Analgesia and block of 
pathological reflexes prevent spasms in the microcirculatory system 
Depending on the character of injury, analgesia can be local 
or general Procaine is very effective in many cases (see Ch 13) 
Epidural anaesthesia is very efficacious but it can only be used in 
the presence of stable arterial pressure Central analgesics are also 
very effective, but they cannot be used in injuries of the abdominal 
organs, in the absence of a verified diagnosis because central analge- 
sia can blur the clinical picture It should also be remembered that 
central analgesics act on the respiratory centre and can cause res- 
piratory distress It is therefore necessary to be prepared to manage 
respiratory disorders when using central analgesics It is recommend- 
ed that ketamine should be used in traumatic shock along with neu- 
roleptanalgesics because, in addition to the analgesic effect, they 
also remove microcirculatory spasms 

General anaesthetics are often used to remove pain syndrome, e g 
nitrous oxide and oxygen m the ratio of 2 1 or even 1 1 Sodium 

oxybate is administered intravenously in a dose of 70-100 mg per kg 
body weight The daily dose can be increased to 400-600 mg/kg 
Imusion therapy is the same as in haemorrhagic shock (including 
replenishment of the lost liquid and improvement of the rheological 
properties of blood) 

A very important medical factor is operation, the effective method 
of correcting disorders and arresting haemorrhage Therefore, m the 
presence of bleeding, the only contraindication for operation is the 
4th stage shock (Anaesthesia in shock was discussed in Gh 19 ) 
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Burn Shock 

Burn shock is cnuscd 1)\ oxtinordinaiilj sevcie pain with large 
■wound area'? and lovaemia The clinical picture of burn shock is 
charactorj7ed b\ a more pronounced and prolonged (to seveial hours) 
erectile phase The gravity of patient’s condition is duiing this 
period masked h\ euphoria, absence of hypotension and excitement. 
This can mmlead the plnsician and icsull in incorrect urgent aidi 
All antishock measure*' should he taken, other'\Mse the hum shock 
coiuerls into its torpid phase Ihis is characterised by all symptoms 
of a so%ero shock caused h\ mechanical injury, hut attended by 
more pronounced renal failure (to anuiia) because of the absorption 
of great amount of toxins and products of decomposition from the 

^o•;l burn surface i. i 

During this period the geneial piinciples of burn shock therapy 
do not differ from the aboxe-desciibed therapy Special attention 
sliould be paid to the treatment of lenal failure Procaine Para- 
nephric block and x\armth to the lumbar region should be applied 
Diaphylline, euphylline and lasix should also be administered 
Acidosis should be controlled by transfusion of a 4 per cent ^dium 
bicarbonate solution Mannitol gnes good diuretic effect Hyper- 
kahaemia, x\hich usually attends acute renal faBure, rs controlled 
by intraxcnous administration of 60-100 ml of a 20 per cent glucose 
solution -with insulin (1 unit per 3 g glucose) A permanent catheter 
should be used to control the efficacy of treatment of rerial failure 
(by measuring hourly diuresis) If diuresis decreases thera- 

peutic effect IS insignificant, haemoperfusion is indicate 

Nitrous oxide xMth oxygen can be given by mask during P^mary 
treatment of the burned areas This ensures analgesia and is also a 
resuscitation measure in the general complex of 
Atropine, anlihislaminic preparations, promedol, 
roids should be u«ed for premedication Shallow halothane-oxygen 

anaesthesia can also be eflectivelv used „„oric voot 

If injuries are multiple and combined and the 
surgical correction, endotracheal anaesthesia should be used (with 
relaxation of muscles and contiolled respiiation) 

Toxico-septic Shock 

Septic shock IS chaiacterized by acute ‘^“^di^ascular 

caused by intoxication due to the septic ^ fnf nllS 

sepsis, peritonitis, vast phlegmona, pneumonia, and pleural em 

^^C^nicaf meture This is characterized by a sudden deterioration 

of the gene^aT condition, first high and Jf S-' 

rature, fall of arterial pressure, and a marked impairment o 
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circulation (the skin is cold, pallid and cyanotic) Conscioii'-ncss 
IS dimmed (up to coma) Symptoms of renal failure (olip;iiria and 
anuria) increase 

The specific therapy includes intravenous administralion of lug 
doses of broad-spectrum antibiotics, hvperimmuno preparalion«, 
and big doses of corticosteroids Jlaemopcrfusion should be con- 
ducted during stabilization of blood circulation (replenishment of 
the circulating volume, elimination of microcirculalorj disorders) 
and during blood transfusion Oxygen therapy «:bould he conducted 
continuously Hyperbaric oxygenation should be conducted, if 
possible 


Anaphylactic Shock 

This IS a severe allergic reaction similar in its symptoms to acute 
cardiovascular and adienal failure The therapy is substantial!} 
the same as described above, except that corticosteroids, antibista- 
minics, adrenaline, and its derivatives should be administered 
repeatedly Oedema should be conti oiled by dehydration therapv 


Chapter 20 

Intensh’^e Therapy of Toxaemia 

Toxaemia (toxicosis) is a severe non-specific reaction of a child 
to toxins or viruses Toxaemia occurs mostly in sensitized children 
with hyperergic reaction, but it can also occur in children with 
flaccid reaction In both cases the neurohumoral and endocrine 
regulation and the main types of metabolism are upset Toxaemia 
can be secondary to many diseases or disease conditions, e g acute 
surgical diseases, pneumonia, acute respiratory diseases, intestinal 
infections, and the like Alimentary toxaemia with exaemia and 
neurotoxia is usually regarded as an independent nosological form 


Alimentary Toxaemia with Exaemia 

Alimentary toxaemia with exaemia usually occurs in nurslings 
and infants with intestinal infections caused by shigellae, yersiniae, 
Loll bacteria, salmonellae, and staphylococci 
Pathogenesis The disease is caused by endotoxins released from 
destroyed gram-negative bacteria The toxins react with the formed 
e ements of blood to give compounds with high sympathomimetic 
activity As a result, the vessels are constricted to impair penpheial 
circulation and cell metabolism The increased capillary permea- 
bility in the gastrointestinal mucosa and the changed venous pres- 
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nvcrogG li\clrost,i(ic capillary pressuie and dis- 
place large \oluines of liquid fiom the intia\asculai space into the 

pnliont de\elops diaiihooa (with loss of 
iqiiid and salts) and acidosi^ (he conlial hlood circulation is dis- 
aered JJie up=(<t Maloi-sait halance and acidosis concur with 
ecrea^ed (one of the peripheral aKerial sphincters, Mhile the tone 
(he posl-cnpillarj sphincters remains normal This increases 
hlood reserves and decrease'^ (he \enous hackflow The central ve- 
oiis pre5'''urc falls and the vascular peimeability increases signifi- 
cantlv The compensatorx pa^-sage of watei and sails from the 
‘]hd ovlracellular space into the vessels, and the loss of water 
hna salts with vomit and diarrhoea, cause geneial dehydiation of 

le hodv, which is the main ■;jmptoni of alimentary tovaemia with 
exaemia 


Cluneal picture 'riirce degiees of alimentaiy tovaemia are dis- 
(hgmshed, vi7 , mild, moderate and severe Children with mo- 
derate and severe foinis of tovaemia should be given intensive ther- 
^dpending on the charactei of disorders in the water-salt me- 
tahoJism, three tjpes of dehydration aie differentiated in ahmen- 
tovaemia Their knowledge i« inipoitant for administering 
correct thcrapv (see Table 22) 

Treatment After the degree and type of dehydration in alimentary 
tovaemia liave been established, it is necessary to determine the 
tacking volumes of liquid, electrolytes, protein, the rate of intra- 
venous administration, and then to prescribe adequate anti-bacterial 
therapy, to restore diuresis, and to conduct detoxication measures 
Ail these procedures should be done immediately^ and in succession 
it vomiting IS recurrent, the stomach should be irrigated with iso- 
tonic sodium chloride solution through a gastric tube, 30-50 ml 
of the solution should be left in the stomach and antibiotic added 
os a measure of aetiotiopic therapy Aminanne can be added to 
decrease the vomiting roflev The child should then be given only 
Water and tea during 6-12 hours This is the fust phase of infusion 
therapyi' A salt-glucose mivture or tea should be given to drink 
(depending on the ty^pe of dehydration) Intravenous infusions should 
then be conducted A peripheral v^ein of the head, or the cubital 
should he punctured oi, if necessary, the central vein (sub- 
<^1^1 an or internal jugular) should be catheterized 
The daily^ volume of liquid to be administered should be deter- 
mined by summing up the followung (a) the daily liquid demand of 
a healthy child, (b) the present liquid deficit in the range from 5 
fo 15 per cent, (c) continuing loss of liquid, which should be deter- 
mined by weighing the cloths soiled with excretions and vomit 
The first problem of infusion therapy is to replenish the lost li- 
Qi^id in order to normalize central blood circulation If the arterial 
pressure is normal, rheopolyglucin (or a 10 per cent glucose solu- 
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Table 22 Dehydration in Children witli Alimentary Toxaemia 


Type of Omet 

dehydration conditions 


Clinical picture 


WciRlit Lnliorntory 

lO'S findiiiRs 


I Isotonic Moderate Flaccidity, anxiety 
and severe Pallor, sKin is diy 
infections, Vomiting 2-3 times 
early stage a day, stools 5-6 
of severe dis- times a day, diuicsis 
ease slightly decreased 


II Hypertonic 
(water-defi- 
cit, intra- 
cellular) 


III Hypotonic 
(salt-de- 
ficit, extra- 
cellular) 


Frequent 
stools and 
vomiting, 
hyperpyre- 
xia and dys- 
pnoea 


Dex'elops 
gradually 
with vomit- 
ing prevail- 
ing over 
stools, at la- 
ter stages of 
the disease 


Strong tliiist, anxie- 
ty, eyes reti acted, 
soft, oliguiia, dry 
mucosa, fontanellc is 
not depressed Tachy- 
cardia Clonicoto- 
nic convulsions are 
possible 

Flaccidity, adynamia, 
marble skin, lefusal 
of drinks, the fonla- 
nelle sinks, cardiovas- 
culai failure, general 
hypotension, the skin 
fold levels slowlx' 
Tonic convulsions are 
possible Oliguria 


About 
5 per cent 


About 
10 per 
cent 


Elcctroly te 
content nor- 
mal, com- 
pensated aci- 
dosis, liao- 
maloci it — 
maximum 
noimal 
High elec- 
tiolvtc con- 
tent, meta- 
bolic acido- 
sis, increased 
osmolality 


About Low electro- 

10-15 per lyte content 
cent and osmola- 

lity, decrea- 
sed circulat- 
ing blood 
volume, me- 
tabolic aci- 
dosis Hae- 
matociit, to- 
tal protein 
and urea are 
increased 


tion) should first be transfused In the presence of hypotension 5- 
10 per cent albumin, polyglucin, or plasma should first be adminis- 
transfusion rate is sufficiently high 20-30 drops per 

^ should be continued until the central venous pres- 

sure in the child begins rising 

The second phase is substitution liquid deficit is eliminated and 
with saluretics (to ensure detoxication and elimi- 
nation of acidosis) within 24-48 hours Electrolyte disorders should 
^ adding electrolytes to glucose solutions in amounts 
tbpf-n S °ieet the daily demands for them and to replenish 

calculated from the laboratory findings and 
rpTTiPTnbP^^^^tn process of Its coriection It should be 

j substitutes contain sodium and there 

vnliiSfp dosage (especially m upset diuresis) Then the 

vnlnmp uutrients should be increased gradually^ while the 

volume of transfused liquids decreased 
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Aetiotropic treatment should be conducted enterally with anti- 
biotics with pioper consideration of the epidemiological situation 
and the clinical picture Gentamycin, rifampicin, amikacin, and 
polymyxin should he prescribed Some infections, e g colienteritis, 
salmonellosis, especially in infants to 6 months of age, run a course 
similar to that of generalized infections and require parenteral ad- 
ministration of antibiotics 

Moreover, during treatment of alimentary toxaemia use should 
be made of preparations improving peripheral circulation of blood 
and metabolism complamin, trental, ganglioblockers, cocarboxy- 
lase, ATP, panangin, and vitamins 


Neurotoxia 

Neurotoxia can be secondary to many infections This syndrome 
should be suspected in the presence of symptoms of affected central 
nervous system, excitation followed by depression, convulsions, hy- 
perpyrexia, and meningeal symptoms 
Aetiology and pathogenesis Neurotoxia is caused by irritation oi 
the central nervous system and its vegetative portions by bacterial 
toxins, viruses, and products of tissue decomposition This causes 
reflex spasms of vessels with their subsequent dilatation This is 
followed by local tissue hypoxia, increased vascular and cell mem- 
brane permeability Proteolysis in cells releases osmotically active 
substances, which, in turn, increases cell hyperhydration 

Neurotoxia m infants is usually provoked by the folbwing factors 
inadequate regulation of metabolic processes, hydrolability, and the 
presence of liquid in amounts considerably exceeding those in older 

Clinical picture Neurotoxia usually begins acutely with general 
anxiety, which is followed by dimmed consciousness and inhibition 
As a rule, these symptoms develop in the presence of ^yperpyrexia 
Meningeal symptoms develop quiddy, then comes y, 

marked cariac dysfunction EGG shows displacement of the r 
interval and shortening the interval between ^ f ^ 

The arterial pressure usually increases and tachycardia inte^^^^^^ 

If this processes not arrested, oedema of the brain and lungs maj oc- 
cur Oliguria and anuria are also characteristic f „ii Uo 

TreatLnt Complex therapy of 

directed at eliminating disorders m cell f 

brain hvnernvrexia, respiratory distress and heart failuie 
1 InadeSe reflex reactions of the central nervous system can 
inaaequate r removed by the neuroplegics Aminazi- 

to a considerable measure ne removeu n ml nf a 2 5 

ne in combination with pipolphen is “Lratio^^^ 

per cent solution per year of age In addition to thep preparat s, 
lytic mixtures also include antihistammics (dimedrol and suprastin) 
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in various combinations Luminal (phenobaibital) may also be added 
in a dose of 2-3 mg/kg a day 

2 Dehydration therapy is indicated for neurotovia Diuretics are 
widely used (a) a veiy prompt effect is attained with furosemide 
(lasi\) given in a dose of 3-5 mg/kg a day Lasi\ remains in the cir- 
•culating blood for 4 hours and repeated administrations of the prep- 
aration are therefore necessary Best results are attained vith the 
primary dose not less than 10 mg (1 ml) Repeated doses can be giv- 
>en per os, (b) if lasi\ is not available, mercuiy preparations, e g 
novurit, fonurit, should be used as diuretics (0 1 ml per year of age), 
(c) osmotic diuretics, e g mannitol (5 ml/kg of a 5 per cent solution, 
intravenously) and urea (5-10 ml of a 30 per cent solution, intrave- 
nous drip) should be better used for renal failure Urea should be ad- 
ministered with strict control of diuresis and of urea concentration 
in the blood It is recommended to abstain from urea in severe le- 
nal failure A 20-30 per cent mannitol solution can be used instead 

3 Glycerol (0 5-2 g/kg a day) should be administered into the sto- 
mach through a gastric tube for dehydration 

4 A 10 per cent calcium chloride solution should be used to decrease 
vascular permeability and to increase diuresis Oi a 10 per cent 
calcium gluconate solution can be used in a dose of 1 ml per yeai of 
age 


5 A similar effect (together with a hypotensive and sedative ac- 
tion) IS attained with a 25 per cent magnesium sulphate solution ( 1 ml 
per year of age) The solution should be injected deep into the muscle 
A 5 per cent solution should be used for intravenous injections with 
isotonic sodium chloride solution as a diluent 

6 The therapy directed to arrest convulsions should be conducted, 
if ^necessary (see Ch 24) 

7 In the presence of hyperpyrexia, measures should be taken to 
decrease the temperature (see Gh 23) 

8 If the taken measures fail, 5-10 ml of cerebrospinal liquor should 
be withdrawn (the amount depending on the condition of the 
child and other conditions) 

used failure, cardiac glycosides should be 

TdL^n tn 9 s^^opl^anthin solution, 1-2 times 

^ of a 0 06 per cent corglycon solution, 1-2 times a 
■day These preparations should be administered in 10-15 ml of a 20 

“S) should be ad- 

should be treated by taking rehydration measures 
fnr ^ P°^yslocin, and Ringer’s solutions should be used 

administration of the fluids in neurotoxia is 
<1111 fl 1 C ^ coRapse Infusion of considerable amounts of li- 
and because they will promote oedema 

g 0 the brain Stimulating substances are indicated 
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•adrenaline and noradrenaline (1 1000) and 1 per cent mesaton solu- 
tion, 0 1 ml per year of age 

11 The hormonal preparations, prednisolone (1-2 mg/kg a day) 
and hydrocortisone (3-5 mg/kg a day) should he used 

12 If neurotoxia is moderate (without marked signs of brain oe- 
•dema), the therapy should be directed at eliminating toxic sub- 
stances from the body Rehydration with simultaneous dehydration 
should be carried out for the purpose Hypertonic solutions of glu- 
■cose and insulin and isotonic sodium chloride solution are admin- 
istered The amount of liquid to be administered is 60-80 ml/kg a day 
Administration of liquid should be conducted under strict control of 
■diuresis 

13 Broad-spectrum antibiotics and semisynthetic antibiotics 
should be used to contiol intoxication 

14 Vitamin complexes and rutin are indicated Oxygen therapy 
IS obligatory 


Chaptei 21 

Intensive Therapy of Coma 

Coma IS a grave condition during which consciousness is either 
severely disturbed or absent, the reflexes are upset and the vital or- 
gans and systems dysfunction Coma occurs due to profound depres- 
sion of the cerebral cortex, which diffuses onto the subcortical and 
■dependent parts of the central nervous system 

Aetiology and pathogenesis Coma can be caused by both endo- and 
Exogenic factors Endogenic factors are metabolic disorders (hypo- 
kaliaemia, hypochloraemia), cerebral or liquor circulatory disor- 
ders, and tumours of the brain This group also includes diseases of 
the liver and kidneys, diabetes mellitus, adrenal diseases, etc Ero- 
genic factors include infectious diseases, such as influenza, scarlet fe- 
ver, dysentery, botulism, and the like conditions, various industrial 
■and medicamentous poisonings, injuries, etc 

Clinical picture Two stages m the clmical picture of coma can be 
distinguished They differ m the degree of inhibition of the central 
nervous system and disorders in the function of the vital organs Stage 
I IS precomatose (the first degree is mild, the second marked or of 
niedium gravity) and stage II coma (the third degree, severe, an le 
fourth degree, teiminal, i e extremely critical) 

The first degree coma is characterized by dimmed consciousness, 
indifference, llaccidity of the child, who answers with difficulty, 
his speech m blurred The child sleeps but wakes fiom extraneous 
stimuli Respiration is slightly accelerated, the cardiac activity is 
satisfactory Tachycardia is only insignificant Arterial pressure is 
normal or slightly elevated The reflexes are active 
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Coma of the second degree is characterized hy sopor (profound sleep), 
from which the child recovers wuth difficulty When the child wakes 
up, he answers questions slowdy His speech is scanning and slurring 
Respiration and the heart rate are accelerated Arterial pressure is 
either normal or slightly decreased The reflexes are weakened 
The third degree coma is characterized hy loss of consciousness, 
the child does not wmke up All unconditioned leflexes are absent 
corneal, pupillary, tendon, or sw’allowing The pupils are dilated The 
skin IS greyish Acrocyanosis Respiration is fast, shallow' and iireg- 
ular Arterial pressure is very low' The child defaecates and uri- 
nates involuntarily 

The fourth degree coma is also characterized hy the absence of con- 
sciousness Reflexes are absent, the child is motionless Kussmaul or 
Cheyne-Stokes’ respiration Marked bradycardia with subsequent 
cardiac arrest Arterial pressure is undeterminable The terminal 
state converts into agony and clinical death spontaneous respira- 
tion is absent and the heart does not beat The life can he maintained 
only hy artificial respiration and cardiac massage 
This IS the general clinical picture of coma Depending on the cause, 
various forms of coma are distinguished Each form is character- 
ized by its specific symptoms, diagnosis and therapy 
When a child m coma is admitted to a hospital, it is difficult to 
identify the cause or type of coma It is therefore necessary, if possi- 
ble, to collect anamnesis, to clarify the circumstances under which 
coma developed and vvhat diseases preceded it (e g renal diseases, 
diabetes mellitus, epilepsy) Child’s complaints in the precomatose 
state are also important diagnostically It is very important to ex- 
amine the patient’s belongings w'hich may give some diagnostic hints 
(medicines, medical documentation) The child should be undressed 
completely in order to avoid diagnostic eriors The colour of the skin 
and mucosa should be inspected Then the reaction of the pupils to 
light should be tested (in both eyes), the eyeballs should be felt to 
determine their tone, next determined should be the character and 
type of respiration and the smell of breath The borders of the heart, 
liver and the spleen should be outlined The arterial pressure should 
be measured and heart sounds auscultated Pathological reflexes 
should next be revealed and physiological reflexes (knee lerk, Achilles 
tendon, abdominal) checked 

Laboratory tests should be carried out for blood sugar, acetone, 
urea, rest nitrogen, bilirubin, chlorine, potassium, sodium, and cal- 
cium An unconscious child requires special care If the diagnosis is 
unknow'n, it is first of all necessary to ensure and maintain the vital 
tunctions, and only then begin searching for the cause of unconscious- 
ness 
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Diabetic Coma 

Aetiology and pathogenesis Diabetic coma in children is caused by 
rapidly progressing metabolic disorders in diabetes mellitus with 
late diagnosis (undiagnosed diabetes mellitus) The factors provok- 
ing severe metabolic disorders and the onset of diabetic coma are 
inadequate diet (eating unrestricted amount of sweet and fatty food), 
suspension of insulin or other preparations decreasing the blood su- 
gar, considerable reduction of their doses, operative interventions, 
physical or psychic trauma, infectious diseases, recurrent vomiting, 
diarrhoea, or prolonged hunger 

The mechanism of diabetic coma is absolute and relative insulin 
insufficiency In the absence of sufficient insulin, utilization of glu- 
cose by tissues is upset, permeability of cell membranes for glucose 
decreases, and the synthesis of glycogen (mainly in the liver) is dis- 
ordered, while its decomposition intensified Glucose is formed froru 
proteins and fats, the release of STH, AGTH, catecholamines, and 
glucagon (the antagonist to insulin) increases Disturbances in glu- 
cose absorption, formation and splitting of glycogen decrease its 
content in the body and increase sharply the glucose concentration 
in the blood (hyperglycaemia) The blood sugar increases to lb - 
27 8 mmole/1 (300-500 mg%) against the normal 4 44-6 65 mmole/l 

Intensified lipolysis increases the release of free fatty s^i^s into 
the blood Free fatty acids are underoxidized and the production ot 
ketone bodies (acetoacetic and beta-oxy butyric acids, acetone and 
cholesterol) in the liver increases Proteins decompose increasing the 
amount of ammo acids, rest nitrogen and ammonia in the blood Lac- 
tic acid IS formed in the muscles from glycogen m large amounts 
All this stimulates the onset of metabolic acidosis Insulin deficit 
and metabolic acidosis promote the release of potassium and other 

electrolytes from cells , , ^ 

Hyperglycaemia, hyperketonaemia and hyperazotaemia promote 
excretion^^f glucose, ketone bodies and rest "^trogen with the u^ne 

Renal reabsorption decreases and the f.^^^'i^irbodv 

tassium, phosphorus, and chlorine are withdrawn from thejiody 
with the mine m great amounts Loss of sodium with urine de- 
creases the capacity of tissues to hold aifd 

uria Pathological loss of liquid with 

with vomitus and diarrhoea aggravates dehydration Hypovo^^^^^^^ 

develops, which causes severe ^ ColLuse 

falls, stW volume diminishes, and filtration decreases Collapse 

ZZ nervous system rn d.a- 
betic comata ? complicated genesis Hyperketonaemia, acidosis 

and hypoxia of the brain are the leading ac or 
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The most typical chnico-metabolic version of diabetic coma in 
children is ketoacidotic coma (78 per cent) Hyperosmolar coma oc- 
curs in 8 per cent and hyperlactalaemic coma in Id ] ci cent oi 
cases Hyperosmolar and byperlactataemic coma occur mo'^lh in the 

^^ainical picture Diabetic coma is often preceded by a period of 
precursors, such as fatigue, thirst, loss of appetite, sleepiness, apatbj, 
nausea, vomiting, and headache. During this period, in addition to 
hyperglycaemia, the blood analysis sho^\s also deciea'^ed alkali re- 
serve, ketosis and acidosis, acetone is found in the urine If not 
treated properly, the clinical picture of diabetic coma develops The 
patient is unconscious, the face is pallid or hyperaemic, cjanosis is 
absent The skin and mucosa are very dry and cold Acetone breath 
can be felt at a distance Turgor is decreased The eyeballs are soft 
Respiration is slow and pathological (Kussmaul’s respiration) The 
pulse IS fast, weak and small Arterial pressure is lo\%, the heart 
sounds are weak The tendon relieves are decreased or absent The pu- 
pils are moderately wide Vomiting occurs Vomitus sometimes looks 
like coffee grounds The liver is usually enlarged Pain in the abdo- 
men IS sometimes so severe that the picture of acute abdomen is of- 
ten simulated This can mislead the physician and a surgical opera- 
tion IS often unreasonably performed to impaii the patient’s condi- 
tion The body temperature is usually normal oi subfebrile 

Laboratory tests for sugar in the blood and urine show hj pergly- 
caemia which, in severe cases, can be as high as 27 8-55 5 mmole/I 
(500-1000 mg%) Glucosuria may be 50-100 g/1 (5-10 per cent) The 
urine contains sugar and acetone bodies The specific gravity of the 
urine is high Blood analysis shows acidoketosis and azotaemia. 
Leucocytosis is characterized by the shift to the left. 

A child with diabetic coma may have decreased renal function and 
the sugar of urine can thus decrease considerably In some cases it 
IS absent altogether 

Diagnosis A certain sequence of symptoms is characteristic of hy- 
perglycaemic coma Gradual loss of consciousness, acetone breath, 
respiratory distress, cardiac dysfunction, hypotonia of the eyeballs, 
supplemented by laboratory findings, help diagnosing diabetic coma 
It IS necessary to remember that acetone can be found in the urine of 
children during post-operative period due to the development of 
secondary toxaemia Testing blood for alkaline reserve is an accu- 
rate differential-diagnostic tool COg level above 40 per cent indicates 
secondary toxaemia 

Treatment This should be a complex therapy including insulin 
and control of acidosis and dehydration 

1 Insulin therapy includes the following (a) administration of 
insulin in strictly individual doses To this end it is necessary to 
find out if the patient was earlier treated with insulin and what were 



Ch 21 Coma 


271 


the doses, the time of administration of the last dose, it is impoitant 
to lvno\s' if the patient was given prolonged-action insulin (protamine 
zinc insulin) When calculating the insulin dose, it is necessary to 
take into account its last dose, 

(b) if the child was never treated vitli insulin before, it should be 
given in a dose of lU per kg body weight Infants under 7 years of 
age should be injected 15-20 units, vhile older children 20-30 units, 

(c) if a child was eailier treated with insulin, a full daily dose 
(which was earlier gi\en to the child before the onset of coma) 
should be injected In order to prevent hypoglycaemia, it is neces- 
sary to administei a 5 per cent glucose solution (intravenous diip) 
diluted with an equal volume of an isotonic sodium chloride solution, 

(d) repeated injections of insulin should be done at 1 - 2 -hour inter- 
vals (within the first 6 hours) As the condition improves, the inter- 
val between subsequent injections can be increased, 

(e) ordinary insulin should be injected during the first days after 
recovery from coma The preparation is administered 3-4 times a day 
With testing blood and urine for sugar Latei insulin is administered 
twice a day, usually before breakfast and before tea in the after- 
noon, 

(f) the overall insulin dose to recover the child from coma should 
not exceed 150 units, but in some rare cases the dose may consid- 
erably exceed this maximum 

2 Acidosis IS controlled by administration of a 4 per cent sodium 
bicarbonate solution 

3 Isotonic sodium chloride solution ( 8-10 ml/kg) should be i^ect- 
ed intravenously (simultaneously with the first insulin dose) Then 
follows infusion by drip The amount of liquid to be infused is 100 - 
150 ml/kg During the first 6 hours, the fluid consisting of Vg isoton- 
ic sodium chloride solution, Vg Ringer’s solution, and /g 5 per 
cent glucose solution should be administered Fluid for further in- 
fusion contains more glucose and potassium Not less than 1 g o 
glucose should be contained per each unit of insulin When plan- 
iiing infusion therapy, the amount of fluid to be injected shim d he 
calculated with reference to the normal requirement plus pathologi- 


cal loss of liquid , 7 , , 7 li: + 

4 If a child regains consciousness, he should be given half-sweet 
tea, fruit juice, and alkaline mineral water (Borzhomi) 

5 To prevent secondary infection during diabetic coma, antibio- 
tics should be administered Vitamins Bi, Bg and C should be added 
in large doses to the dropper with isotonic sodium chloride solution 

6 Complex therapy should obligatory include lipotropic sub- 
stances, e g methionine, lipocaine, or curds ,77 

7 The diet should then be extended gradually to a physiological 


cue with a certain fat restriction 
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Hypoglycaemic Coma 

Aetiology and pathogenesis Hypoglycaemic coma is caused by insu- 
lin overdosage (during therapy of diabetes mellitus or due to insuf- 
ficient carbohydrate intake with food) Decioased absorption of glu- 
cose in the brain cells is the major pathogenetic factor of hypogl}- 
caemic coma The cerebral coite\ dysfunction occurs with oedema 
and necrosis of some portions of the brain Mypoglycaemia irritates 
the hypothalamus and the adrenal medulla The release of adrenaline 
increases, the function of ACTII (glucocoiticoid system and STH 
production) intensifies This is the compensatory mechanism directed 
at normalization of blood sugar 

Clinical picture The patient feels very hungry and is able to eat 
much food The child is irritable, fiightened, he complains of double 
seeing, his motor function is upset Sometimes the child is anxious, 

Table 23 Differential Diagnosis of Diabolic and Hypoglycaemic Coma 
(according to Bubnova and Martynova, 1*163) 


Diabetic coma Hypo„'l>cnemic coma 


Predisposing factors 

1 Insufficient insulin dose 1 Insulin overdosage 

2 Inadequate regimen (fat abuse) 2 Insufficient nutrition after insulin 

Development of coma 

1 Prodromal phase 1 Rapid and sudden 

2 Gradual loss of consciousness 2 Rapid loss of consciousness 

Symptoms 


1 Dry skin Dehydration Cyanosis 
of the skin and mucosa 

2 Dry tongue 

3 Muscular hypotonia 

4 No convulsions 

5 Hypotonia of eyeballs 

6 Kussmaul’s respiration 

7 Fast and small pulse 

8 Appetite is absent, nausea and 
vomiting 

9 Abdominal syndrome m some 
cases 

40 Temperature subnormal 

11 Hepatorenal syndrome is frequent 

12 Acetone breath 

13 Acetonuria and glucosuna 

14 Hyperglycaemia 

15 Decreased alkaline reserve 

16 Hyperketonaemia 


1 Pallor and hyperhidrosis 

2 Moist tongue 

3 Muscular rigidity, trismus of jaws 

4 Convulsions Babmski’s syndrome 

5 Normal tone of the eyeballs 

6 Normal respiration 

7 Bradycardia is possible 

8 Increased appetite 

9 Abdominal syndrome is absent 

10 Tempeiature usually normal 

11 Peripheral blood normal 

12 Acetone breath is absent 

13 Acetonuria or glucosuna is usual- 
ly absent 

14 Hypoglycaemia or normal blood 
sugar 

15 Normal alkaline reserve 

16 Hyperketonaemia is absent 
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he talks loudly, laughs, makes faces, hyperkmesis, hallucinations, 
tonic and clonic convulsions develop As distinct from diabetic coma 
flypoglycaemic coma occurs suddenly The child loses conscious- 
ness within minutes Hypoglycaemia is characterized by profuse 
sweating, moist tongue, shallow and rhythmical respiration Hypo- 
tonia of the eyeballs is absent; no acetone breath The skin is moist 
and pallid Trismus of the jaws develops Uni- or bilateral Babins- 
1 occurs If tiismus of the jaws and Babinski’s sign occur in a 
child during treatment of diabetic coma, insulin administration should 
be suspended and treatment with glucose solutions begun Heart 
sounds are dull during coma Arterial pressure is labile The pulse is 
irregular and fast The blood contains increased amounts of leuco- 
cytes and lymphocytes, leucopenia is sometimes observed, the sugar 
leiml IS low Sugar or acetone are absent from the urine 

Differential diagnostic signs of diabetic and hypoglycaemic coma 
are given in Table 23 

The treatment of hypoglycaemic coma should be started immediate- 
ly. If coma continues for more than 3 hours, severe pathological changes 
are likely to occur in nerve cells with subsequent changes in the 
central nervous system Concentrated glucose solutions (preferably 
20 or 40 per cent solutions, without insulin) should be administered 
Glucose should be infused until signs of consciousness reappear 
when the child is conscious, he should be given sweet tea, jam, honey 
and other sweets, and wheat bread The sugar level in the blood should 
be controlled Therapy of hypoglycaemic coma should obligato- 
ry include oxygen and hormone therapy 


Azotaemic Coma (Uraemia) 

Aetiology and pathogenesis Uraemia is the terminal stage of renal 
failure It occurs due to renal dysfunction in acute or chronic dis- 
eases Uraemia can be caused by glomerulonephritis, pyelonephritis, 
amyloid nephrosis, and some other diseases 

Excessive amounts of nitrous products are retained in the hlood 
and tissues and great changes occur in the acid-base balance along 
With acidosis Intoxication is another very important factor in 
pathogenesis of uraemia 

Clinical picture Comatose condition develops gradually and is 
usually preceded by preciusors the child excretes ample light urine 
With low specific gravity (mostly during night time) The central 
nervous system becomes inhibited gradually weakness, headache, 
sleepiness, apathy, irritability, then thirst, dry mouth, and skin 
Itching develop The skin is dry with traces of scratching The appe- 
tite is poor The mouth is affected with ulcerative stomatitis Nau- 
sea, vomiting, and sometimes diarrhoea develop The vomitus looks 
fike coffee grounds or has streaks of blood Diuresis gradually decreases, 

18-01222 
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vision becomes impaired, the body lemperatuic drop^ Anaemia 
IS marked The skin is affcclcdwith eruption and sm.ill hacmoirliagcs 
As coma develops, tlie child’s consciousne'^s becomes dimmed, he is 
restless, tosses in his bed klusciilai l^\ itching con\crls to clonit con- 
vulsions Epileptifoim lits are po^isible The hi oath smelK of urea 
Uiea crystals can sometimes be seen on the The mucosa has 
Signs of necrotization The nose and gums are bleeding, the injection 
sites are marked by haemorrhages. The pulse is suporhcial irregular 
and fast Systolic murmur can be heard at the heart apc\, peiicardial 
and pleuial friction can also be heard Examination of the eve bot- 
tom reveals oedema of the optic nerve papillae, contraction of\he ar- 
teries, and dilatation of the veins Meningeal s\mptoms doxclop 
hemiparesis, aphasia, miosis, derangement of Msion The tendon re- 
ilexes are increased Babinski’s sign is obsoned The urine is light 
and with low specific gravity (1 000-1 007), it contains protein, red 
blood cells and casts Rest nitrogen of blood increases significantlv 
42 8 mmole/1 (over 200 mg /o), the urea content is also vcr\ high. 

decieascs significanth As these sMuptoras 
patl.olos.c.l s or 

The condition should be diffeientiated fiom diabetic co- 
g ves differential diagnostic signs of these diseases. 

Table 24 Differential Diagnosis of A7olaemic anil Diabetic Coma 


Symptom 


Diabetic coma 


Azotacmic coma 


Blood sugar 

Pulse 

Eyeballs 

Respiration 
Fundus oculi 
Tendon reflex 
Breath 

Urine acetone 
Test with anhydious fer- 
ric chloride 

Specific gravity of urine 


Incieased 
Soft and fast 
Decreased tone 

Slow and deep 
Diabetic retinitis 
Absent 

Acetone bieatli 

Present 

Positive 

High 


Normal 

Tense and firm 
Normal tone, exophthal- 
mos is possible 
Pathological 
Albuminuric retinitis 
Increased 
Urea breath 
Absent 
Negati\o 

Low 


instanc™at ehmmati'on'of’tlie therapy aimed, in the first 

mam disease ‘>^6 comatose state and treatment of the 

If Ihe^Jhildfs unabieTLf carbohydrates 

trio tnbe 01™" ,? and eg~?f f ‘hron„4agas- 

effective mixture In the Absence nf u glucose solution is an 

in tne absence of oedema the child can be given to 
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drink moderate amounts of liquid Sodium chloride (table salt) 
Jiould be restricted to pre\ent oedema The amount of protein in- 
gested should be decreased in the precomatose condition 
^ Detovication therapy includes (a) 5 pei cent or 10 per cent glu- 
cose solution, by intravenous drip; (b) hypertonic plasma solution, 
tc; plasma substitutes, (d) neocompensan, which is an effective detox- 
icating preparation, (e) mannitol (osmotic diuretic) increasing diu- 
resis and decreasing urea concentiation in the blood, (f) in the pres- 
ence of hyperkalaemia glucose solutions with insulin and a 10 per 
cent calcium chloride solution should be administered intravenous- 

3 Big doses of Mtamins C and B, and also of cocarhoxylase should 
ne added to solutions for intiavenous drip 

4 Emulsified fats should also he administered intravenously 

5 In the presence of excitation or convulsions chloral hydrate should 
he administered by enema, sodium oxyhate is also given Symp- 
tomatic therapy should be conducted for cardiovascular pathologies 

h Camphor spirit or toilet vinegar can be used to remove skin 
idling Diathermia can he applied to the region of the kidneys 
"Manephric procaine block is also effective 

. /, removal of rest nitrogen from the body can be improved by 
(a) blood-letting; (b) replacement blood transfusion, only fresh blood 
can he transfused (not later than in 2-3 days after its taking), (c) 
gastric dialysis with a weak alkali solution (through a gastric tube), 
(d) intestinal dialysis with a 10 per cent sodium chloride solution 
(through siphon enema), (e) haemodialysis with an ‘artificial kidney’ 
apparatus, (f) peritoneal dialysis is less effective than haemodialy- 
sis, but the gradual clearance procedure is better tolerated by the 
child than haemodialysis Efficacy of peritoneal dialysis may be im- 
proved if the time of perfusion of the dialytic solution is increased. 

Eclamptic Coma 

Aetiology and pathogenesis It usually occurs in women during 
their second half of pregnancy, but can also occur in children with 
acute diffuse nephritis Pathogenesis of eclampsia is based on increased 
intracranial pressure caused by oedema and swelling of the brain 
and upset cerebral circulation, which causes hypoxia of the 
brain 

Clinical picture Coma precursors are numbness, anxiety, excruciat- 
ing headache, oedema, and hypertension The onset is sudden the 
child takes a deep breath, emits a cry loses his consciousness, devel- 
ops tonic convulsions involving the respiratory muscles and the di- 
apliragm, clonic convulsions of the entire body then follow The face 
IS markedly cyanotic, acrocyanosis and trismus are observed, foam- 
ing saliva appears at the mouth Arterial pressure is high, the pulse 
18 * 
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slow and tense, respiration is slow, irregular and gurgling The 
attack lasts for 3 to 20 minutes; it is characterized by mydriasis, m- 
<ireased tendon reflexes, pathological reflexes, and strabismus, the 
pupils do not react to light The urea and creatinine of blood are nor- 
mal or slightly increased The urine contains protein, red blood cells 
and leucocytes Convulsions may recur at 30-60-minute intervals. 
Focal symptoms (hemiparesis, hemianopia, aphasia), and punctate 
haemorrhages into the retina sometimes occur after the attacks 
Diagnosis It is necessary to differentiate eclampsia from epilep- 
tic or azotaemic coma Epileptic coma is characterized by a more 
energetic onset and the anamnesis has no indications of preceding 
nephritis; oedema, bradycardia or hypertension are absent Azotae- 
mic coma begins gradually, the early comatose condition is less 
profound, the specific gravity of the urine is low, and the smell of urea 
can be felt at a distance 

Treatment 1 The therapy of eclampsia begins with blood-letting. 

2 Cold should be applied to the head. 

3 Chloral hydrate enema should be given in the intervals between 
convulsions 

4 Sodium oxybate or a 2 per cent liexenal solution is administered 
during attacks until convulsions discontinue 

5 Hypertonic solutions of glucose (for dehydration), magnesium 
sulphate and calcium chloride should be used intravenously. Diu- 
retics should also be given 

6 Lumbar puncture is indicated in the presence of prolonged con- 
vulsions As a rule, the liquor is forcedly ejected 

7 After termination of convulsions luminal and aminazine are 
administered Short-wave diathermia should be applied to the re- 
gion of the kidneys Paranephric novocaine block is effective 

Post-traumafic Coma 

Aetiology and pathogenesis This coma occurs after severe injuries, 
especially of the head Coma is explained by increased intracranial 
pressure due to haemorrhage in the cerebral cortex, oedema of the 
pia mater, and increased liquor pressure in the cerebral ventricles 
The severest coma occurs in open injuries of the skull and fractures 
of its base 

Clinical picture The child is unconscious Vomiting and bradycar- 
dia are characteristic Respiration is slow, the skin is pallid Bleed- 
ing from the mouth, nose and ears is frequent The temperature ele- 
vates, the Kernig symptom is blurred The tendon reflexes are de- 
creased in the lower extremities, the pupils are dilated, their reaction 
to light IS weak or absent Nystagmus, anisocoria, difficult swallow- 
ing and respiration are observed Leucocytosis is marked, with a 
shift to the left Urine retention is common 
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Diagnosis This is not difficult The presence of haematoma or 
ounds indicates trauma Additional methods of examination are roent- 
genographs, of the skull, cchoencephalography and cerebrospinal 
puncture The liquor is tarred with blood 
Treatment This should mainly be directed at stoppage of bleed- 
ing and elimination of haematoma (subdural, epidural) This is 
attained by surgical treatment of the wound or trepanation of the 
skull, if necessar 5 ' Among other measures are (a) haemostatic treat- 
ment With vikasol, haemophobin or calcium chloride (in age doses), 
(b) absolute rest*, (c) cold on the head; (d) dehydration therapy (in- 
travenous administration of lijpertomc solutions of glucose, sodium 
chloride and diuretics, such as iasix, or mannitol), (e) decreasing 
vascular permeability by administration of a 10 per cent calcium 
chloride (intravenously) and 25 per cent magnesium sulphate solu- 
tion (intramuscularly, 1 ml per year of age), (f) decreasing intracra- 
nial pressure bv lumbar puncture (it should be done for both thera- 
peutic and diagnostic purposes), 2 or 3 ml of the liquor should be re- 
leased; (g) after the patient’s condition improves, a surgical opera- 
tion can be carried out During subsequent days the patient should be 
gl^en infusion thcrapj' to meet the normal daily requirement plus 
the amount of liquid necessary to correct w ater-electrolyte disorders, 
because dehi'dration therapj causes marked disorders in all types of 
metabolism, (h) antibiotics should be administered in open injuries 
of the skull Symptomatic therapj should be earned out in the 
presence of symptoms of any^dysfunction 


Hypochloraemic Coma 

Aetiology and pathogenesis Hypochloraemic coma occurs due to 
decreased chloride content of blood in cases wuth incoercible vomit- 
log, chronic nephritis or diarrhoea Decreased chloride content up- 
sets protein and mineral metabolism Hypochloraemia occurs in ste- 
nosed pylorus, adrenal hyperfunction and Fancom s syndrome 
Clinical picture The precomatose condition is characterized by 
frequently recurring incoercible vomiting and strong diuresis v\ len 
coma develops, vomiting is also incoercible, tetanic cimvulsions de- 
velop Arterial pressure falls, tachycardia develops, the tendon re- 
flexes are inhibited, and meningeal symptoms develop The condi- 
tion IS characterized by dehydration, thickening o e oo 
(high haemoglobin and haematoent), diy skin and mucosa Azota- 
emia and hypocholesterolaemia occur The body temperature de- 
creases , , 

Diagnosis This is not difficult Frequent incoercible vomiting, 

convulsions and laboratory findings (blood chlorine and other tests) 
are sufficient for establishing a correct diagnosis 
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Tieatment Normal cliloiide conccnlralion in the blood and tissues 
should be restored To that end, hypertonic or isotonic sodium chlo- 
ride solution should he administered intiavenously Blood transfu- 
sion and symptomatic therapy should lie conducted 


Adienal Coma 


Aetiology and pathogenesis Adienal coma develops gradually in 
the presence of chronic adrenal insufficiency (Addison’s disease), or 
its onset IS sudden in acute organic oi functional affection of the ad- 
ienal glands The provoking factois are stiong emotional stress or 
psychic trauma Adienal coma occuis sometimes in neonates borne 
in asphyxia due to haemorrhage in the adienal glands (after placing 
forceps) Coma can be caused by hyperplasia ol the adrenal glands 
combined with defects of their growth, thrombosis of the adrenal ves- 
sels during sepsis, toxic affection during severe infectious diseases, 
haemorrhage in the adrenal glands in haemorrhagic diathesis, and 
diseases of the adrenal glands (tuberculosis, syphilis) Adrenal coma 
can also occur due to an abrupt suspension of hormone therapy m 
the post-operative period, insufficient amounts of administered hor- 


rnone preparations, especially if the child was eailier treated with 
adrenal cortex hormones 

Pathogenesis ol adrenal coma depends on the disordered vvatei- 
electrolyte, carbohydrate and protein metabolism, increased capil- 
ary permeability, upset glucose oxidation in tissues, and excietion 
ot large amounts of potassium and phosphates 
Clinical pictwe The most characteristic sign of adrenal coma is 
the vascular collapse Marked pallor and cold sticky sweat suddenly 
appear pie child is excited, he complains of pain in the belly, but 
t le excitement is very soon replaced by flacciditv, adynamia, and 
then unconsciousness The lips and the nasolabial triangle become 
cyanotic cyanosis spreads onto the other parts of the body Dark 
spots and bright red petechial eruption appear on the skin of the 

Respiration becomes pathological (Gheyne- 

til ^^^^eady Arterial pies- 

anrl sounds MB dull and arrhythmic Dehydration 

and quickly Rest nitrogen, leucocytes, eosinophils, 

mifl flp^ro^ ^ ^ Increase in blood Hyponatraemia and hypochlorae- 
Rie Ime ^i^creasing excretion of sodium and chlorine with 

lishpd^l^rnti Jlf adrenal insufficiency can easily be estab- 

oliild Tt o t physician knows the previous condition of the 
nneimilrnprlfrif differentiate adienal coma from 

Kclur^nf thP after operations on the chest) 

•presencp m thp ^^astinum and chest x-ray provide evidence of air 
mediastinum Anamnesis is important it is necessa- 
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r\ to know when hoinione preparations liave been suspended, -svliat 
^^e^e the doses before and aftoi the operation, befoie the therapy was 
suspended, etc 

Treatment Treatment should be begun immediately to coirect the 
<lelicit of adrenal corlev hoimones Ilvdrocoitisone and prednisolone 
-should be admini«jlcied inlia\enouslj in a dose of 4-5 and 1-2 mg/kg, 
xospectivelv Latci lheiap\ chonld be diiected at contiolling col- 
lapse, dolndrntion, and collecting wmlcr-clectrolyte metabolism 

1 Collapse should bo contiollod by intiavenous diip administration 
of a 1 poi cent mosaton and norepincphiine in isotonic sodium 
ohlonde 'solution Isotonic ‘^odium chloride solution, 5 per cent glu- 
cose solution, vitamin':, and cocaibovylaso should be administered 
{intiaveuou': drip) for lohydiation and noimalization of the watei- 
eloctrolyto balance 

2 After ccs'^ation of vomiting and regaining consciousness the 
child ‘:hould be given per os a niivtuic of an isotonic sodium chloride 
and a 5 per cent gluco'jo ‘solution (11) 

j Since much potas'^iuni is lost, the boimone therapy should ob- 
ligatory include pola'-sinm preparations, wdiicli should be given per 
O'? or intunonoush vilh conliol of potassium evcietion with the 
urine 

4 The rapid hoimone theiapy qiucklv eliminates adienal coma 
Purlhei efforts of the ph^slClan should be directed at treatment oi 
the main disease 


Chapter 22 

Intensive Therapy of Brain Oedema 

Oedema of the biain is its enlargement due to upset circulation of 
hlood and wmter-salt metabolism, and some other tactors 
Aetiology and pathogenesi<; Oedema of the brain can occur in many 
diseases involving the nervous system, e g influenza, pneumonia, to- 
xaemia, peritonitis, trauma of the skull, and also \^^®tabolic dis- 
orders (hypoproteinaemia) and ionic disbalance n 

IS one of the causes of brain oedema It JL 

vessels, disturbs the ‘pump chest’ mechanism, thus decreasing the 
blood flow to the right heart chambers Hypercapnia can also P^-^oke 
brain oedema But the mam cause of this phenomenon is bypoxia 
of various aetiology Some authors believe that anovic and ischaemic 
oncephalopathies are attended by injuries of the vessels and joom- 
sis of the^ parenchyma, especially of the cells with low oxidizing 
activity of the enzymes According to other authors, bypoxia wit 
normal elimination of CO^ does not cause brain f 
occurs m cases where hypoxia combines with hypercapnia Bra 
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oedema can thus be caused bv disoa‘-cs pioNolvinti: h>po\!a, h\per- 
capnia, and water-oleclrolytc disbalance severe toxic pneumonia, 
acute respiratory diseases with grave icspirnlorv dj '•function, toxi- 
cosis of various aetiology, and some othei di'-eaccc. 

Oedema is caused by penetiation of fluid from the circnintuig blood 
into the brain Oedema often combines with swelling of tlio brain 
According to some authors, the pathogenOMS of thc^c condition', 
differs brain oedema is caused bv accumulation of nuuK poor in 
proteins in the tissue fissuies due to disordered pormonbilil\ of the 
vessels, while in brain swelling water is bound in colloid'; due to 
their hydrophilic properties 


There is a vicious circle in pathogenesis of biain ocdcni.i h>poxia, 
trauma, toxic invasion, and some other factor', injure colls of the 
brain and the vascular A\alls to increase their pornieabilitj , thu" 
causing oedema of the brain The latter, in turn, injures fdircctU 
and indirectlx') the cells to interfere with xoiiou" outflow, thus in- 
creasing intracranial pressure, inhibiting respiration, and causing 
other disturbances These factors, in tuin, incrca'-o ox\gcn deficit 
in the brain, and intensify hypoxia and inelabolic di^oidoi^ 

Clinical picture The picture of brain oedema presents certain dif- 
nculties for diagnosis Neurological symptoms indicate brain oede- 
ma only in those cases wdiere the main disease is known and these 
symptoms xvere absent earlier Otherwise, neurological SMiiptoms 
characterize the localization of the process but do not indicate the 
presence of brain oedema The mam symptoms of brain oedema are 
headache, vomiting and deranged consciousness, indicating intra- 

^ degree of derangement can xan from a 
^ deep coma Consciousness can remain normal in 
chronic brain oedema, while in acute cases coma develops suddenly 
consciousness is evidently connected not only with increased 

metabolic disorders in the 
di«?tnrtinnf.o c^^cal injuries Consciousness can be deranged by 
tb? Won? cerebral circulation Considerable retardation of 

^ p®" cent decrease in the 

circulation decreases oxygen consumption to cause hvpoxia The 

lllSBlnTTrn'' ^lood of 19 mm Hg IS mtical and 

circulatory disorders, 


A strangulation are irritation of the 

ffSI and ft? ® compression, hypoxia of medulla oblon- 

dM Bradycardia, bradypnoea, sud- 

(le'!s fremientlv P^caesthesia of the shoulders and arms 

develon^A St innervated bv the trigeminal nerve) 

muscle? U Si symptom is rigidity of the occipital 

ops in the absence of the other symptoms of cerebel- 
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lar strangulation The most severe svmplom is arrest of lespiration^ 
vliich can occur quite unexpectedly without any precursors 
The clinical picture of brain oedema differs depending on dura- 
tion and localiralion of the process, and on the gravity of the cere- 
hrocranial injury Sometimes, flaccidity, ^^eakness, headache, sleepi- 
ness, and \omiting de\clop in the presence of the main disease 
Paresis or paraljsis occur or intensify, and congestion appears in tho 
papillae of the fundus oculi In other cases, as the oedema progresses 
and extends onto the stem region, convulsion attacks occur along 
■^itli increasing flaccidity, sleepiness, cardio\ascular and respiiato- 
rj disorders, upset thermal regulation, and the development of pa- 
thological reflexes The patient dies from dysfunction of the vital or- 


gans and systems. 

The clinical theorj of the main symptoms of brain oedema is 
based on the fact that'thc main factor, determining the progiess of the 
affection, is the ratio betvecn the arteiial and intracranial pressure 
Acute rise of the intracranial pressure stimulates elevation of the 
arterial pressure to the level slightly aboxe^the pressure of the cere- 
brospinal fluid When the pressure over the surface of the medulla ob- 
longata IS equal to diastolic pressure oi mean arterial pressure, hypo- 
^■la of the medullar centres develops As a result, impulses are generat- 
ed in the vasomotor centre, vliicli pass the cervical part of tb® spi- 
nal cord to reach vasoconstrictors responsible for the elevation ot tne 
arterial pressure Symptoms of excitation of medulla oblongata d^ 
velop elevation of arterial pressure, bradycardia, tachypnoea, and 
vomiting When compression of the stem is especially severe and 
prolonged, the initial excitation of the centres is followed by tneir 
paralysis, which is attended with a fall in the arterial pressure, accel- 
eration of the pulse, and respiratory arrest This picture is observed 
in cases where the condition arises suddenly, and intracranial hy- 
pertension rapidly develops If the process progresses slowly and 
the brain IS able to compensate for the increasing pressure, these 


Diagnosis Diagnosis presents certain difficulties This especially 
holds for secondary oedema of the brain The following measures are 

helpful in modern diagnosis of brain oedema cpiia 

(a) Skull x-ray The picture shows changes in the region of sella 
tuicica, retraction of the finger impressions, 
tures indicating increased intracranial pressure j 
tures IS the first sign in infants f +1,0 Umni iq n rare 

, (b) Electroencephalography ‘Puie’ oedema V® ^,Xs 

clinical case It is therefore difficult to ^^^terpret the EEG results, 
the more so that there is no unanimity m ^sse^ng EEG 
Some authors maintain that brain oedema P^°P ^ , anatomic 
EEG In their opinion, the slow waves are 

injuries surrounded by perifocal oedema A more diffuse oedema is 
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iiccompaniod willi diffu'^c slow waves 'slucli appear due to multi- 
ple necioUc foci in the biain tissue, or duo to a ‘•mere lorebral an- 
oxia Other autliois believe that EM(r lindiutr‘' can be U'-oti to diag- 
nose corebial oedema 

(c) A very impoitanL diacfriosln lest < ereluospinal punrlure. 
The pressLiie, which is nioasurod duung the puiitlmo, m pioporlional 
to the intracianial liquoi picssuie, pioMded the r ranial and the luni- 
bai subarachnoidal spaces aie cominimu afod In the pre‘-on(o oi 
block caused by displacement of the btain. the pif^-sure of the core- 
biospinal fluid can be noimal oi oven -^hithlh dorroa‘-'ed, de^-pito the 
elevated intracianial presume Liqiim pic'-'-uie above IW mm lUO 
indicates the presence of cerebral oedema 

In addition to the menlionod tests, helpftd aho me pneunio- 
giaphy of the brain, angiofjraphv and ‘•cannirui with ladioactnc I'-o- 
topes The piogressnc neiuological ssmpinm*:. .ind aho agiocmcnl 
between the aiterial and hquoi prcssuic, are diagno-tunlh impor- 
tant as w'ell 

Intensive theiapy The therapj of biain oedema should bo directed 
at elimination of the main disease, which caused oedema But it is 
■only possible in cases wdicro this disoa'-e i": known MorooNcr, one 
may never be sure that oedema can be ienio\ed b\ eliminating the 
cause (Plate 8) 

1 Dehydration Iheiapy is an impoilant moans of ticatment of 
cerebral oedema The therapy include'; the following 

(a) Administration of hypertonic 10 per cent sodium chloride, cal- 
cium chloiide solutions, and a 25 pei cent magnesium sulphate so- 
lution It IS believed that hvpei tonic solutions of glucose can ha\e a 
negative effect first they decioase oedema consideiably but 2-3 
hours later the oedema progresses to become laigei than before Our 
■experience shows that 10-20 pei cent glucose solutions administered 
in small amounts together with othei anli-oedoma substances give 
an adequate clinical effect 

(b) Diuretics should be given to attain dehydration Merclu^ di- 
uretics (novurit, fonuiit) should be given in a dose of 0 1 ml per >ear 
of age Furosemide (lasix) is an effective preparation It is given m a 
dose of 3-5 mg/kg a day Lasix circulates in the blood dining 4 hours 
Good effect is attained if the first dose is not smaller than 
10 mg 

(c) Osmotic diuretics If the lenal function is adequate, a 30 per 
oent solution of urea (1 g/kg) is administered It has been established 
that urea denatures proteins, converting them from hydrophilic in- 
to hydrophobic substances, thus causing dehydration But evidence 
has recently been obtained shownng an irritating effect of uiea on 
the venous walls, which can cause hyper- or hypovolaemia, and also 
the ‘recoil’ effect in 6-12 hours after administration of urea, the in- 
tracranial pressure can rise again due to urea diffusion into the brain 
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tissue where osmotic pressure thus increases Repeated administra- 
tions of urea are therefore required at 6-12-hour intervals 
The best osmotic diuretic is mannitol This is a preparation with 
u pronounced diuretic effect It is not toxic, has no ‘recoil’ effect, 
noi does it pass into the cerebrospinal fluid, the preparation is effec- 
tive with repeated administiations A 10-30 per cent mannitol solu- 
tion IS used A 30 per cent solution is more effective for brain oede- 
ma The preparation is administered intravenously (rapidly) in a 
dose of 1 g/kg Mannitol quickly decreases the intiacranial pressure 
and easily dissolves in small amounts of water, it does not overload 
the cardiovascular system, nor does it cause necrosis of tissues at the 
site of injection It is always ready for use as an aqueous solution 
The preparation is indicated for lenal dysfunction „ „ /, 

(d) Glycerol is now widely used per os in a dose of 0 5-_. g/kg 
It IS administered together with lemon or any other juice It can be 
administered through a gastric tube to unconscious patients Uiy- 
■cerol has a good hypotensive effect and can be given repeatedly i le 
substance is non-toxic and gives no side-effects The metabolic activ- 
ity of glycerol is high, it is a component of neutral fats and some 
phosphatides Its anti-oedema efficacy does not depend on dm- 


TGSlS 

(e) In order to increase osmotic pressure m the plasma, ablumin 
and hypertonic plasma solutions are administere ei 

rapid but not lasting , , \ 

2 It IS very important to correct thoroughly the vital f^tmns 
Disorders in the cardiovascular and respiratory unc ion . 
treated by symptomatic therapy Prolonged intubation tracheo- 
stoma for controlled lung ventilation are indicated m 
the smallest danger of asphyxia The ventilation r p 

<ilinical picture and acid-base balance (pH, administerinsr 

water-electrolyte metabolism should be corrected by admmister^^^^^ 

vaiious salt solutions, ammo acids, protein, 

*’'3 "complex therapy of SnlSro/dema 

mg which the oxygen demand of cells decrees 

of the brain is absent in hypothermia, since leS way 

mjury, vascular failure and surgical opei a 1 results 

to attain hypothermia is applying M ^ j l^e 

sre attained with temperatures of 29-3U C. wypm ^minazine 

<^ombined with neuroplegia To that end, a 2 5 per centjmi 

solution, droperidol and other prepara obligatory coitico- 

Sf hSra tfsSTe »d a prad- 

nisolone 
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5 The quantity of administered hjpotonic ‘solutions in brain oe- 
dema should he minimi7ed They should he administered witli strict 
control of diuresis 

Signs of improvement do not indicate suspension of the therapy, 
because a relapse can occur at any time Rational and timely thera- 
py of brain oedema in childien can ensure complete rGco\ery v.ithout 
any sequelae (spastic and flaccid paralysis, disorders in the central 
nervous system) Tins is explained by the tremendous plastic 
properties of the cerebral cortex during its giovth 


Chapter 23 

Intensive Therapy of Hyperpyrexia 

Hyperpyrexia is the elevation of the body temperature aboxe 39'C 
causing severe disorders in the blood circulation and the central ner- 
vous system These are manifested bj deranged consciousness and 
symptoms of brain oedema Hyperpyrexia occurs more frequently 
in imants and children than in adults, and it is more dangerous for 
children 

Aetiology and pathogenesis There are many causes bv vhicb tem- 
perature may rise, e g decomposition of red blood cells and labile 
thrombocytes, x-ray exposure, etc Hyperpyrexia max occur after 
severe injuries xvuth crushing of muscles and other tissues Hx perpxre- 

Sn? formation of auto-antibodies (decompo- 

sition of muscle proteins), xvhich act by an allergic mechanism Tem- 

processes causing pronounced immunohaemato- 
logical shifts in the patient 

potassium and sodium ions also causes a rise in 
of salt ^ Houce possible pyrexia folloxvung transfusion 

Mechanical irritation of thermoregulating centres 
often p the hypothalamic regton, etc ) 

liypf pyrexia Temperature rises in neo- 
tions The ren?f haemorrhages, in post-encephalitic biain affec- 
Jases ^vnernlf of thermoregulation is involved in these 

resniratoS^ frequent in infectious diseases (acute 

za dvsSert pneumouia, measles, scarlet fever, inQuen- 

“f parotitis, etc ), m acute surgical diseases 

LSo^n of connected with m- 

estation of the child with microbes and poisoning v itli their tox- 

ins Ihe temperatnie may rise significantly dunnB nosl-oneralive 
periods in response of the child’s tody to th™ omatiye tianma 
S ““y he based on immaturity 

SaSs aXS Iff! ? mechanism, insufficiency of the endocrine 
glands, and toxic affection of the central nervous system 
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As the body temperature increases, the oxygen demands grow and 
the carbohydrate metabolism is upset The glycogen level in the liv- 
er decreases due to intensification of glycogenolysis with rising 
temperature Total cholesterol content of blood decreases (to 50 
per cent of normal) 

Infants, especially nurslings, often suffer from dehydration The 
alkaline reserve in them decreases, while the amount of chlorine in 
the blood increases The diuresis is low The main bulk of water is 
removed from the body through respiration and perspiration A sin- 
gle intake of Avater does not increase diuresis, since the liquid loss 
through the skin and respiration increases 
A rise of temperature by one degree causes an acceleration of the 
heart rate by 10 per minute This is probably connected with inten- 
sifying metabolism and decreasing tone of the nervus vagus More- 
over, the blood flow-rate and pressure are changed Arterial pressure 
falls, although in some cases it increases at elevated temperatures 
Arterial pressure may increase due to disturbances in the central 
regulation, but hypertension is then followed by vascular hypotonia 
Temperatures above 41°G are especially dangerous 

Clinical picture A sudden rise in body temperature is attended 
With flaccidity, adynamia and chill The child refuses food and is 
thirsty Sweating increases Unless adequate therapy is adminis- 
tered in due time, symptoms indicating disturbances in the central 
nervous system develop Motor and speech excitation develops 
along with hallucinations (mostly visual), clonicotonic convulsions 
occur The child loses his consciousness, his eyes are fixed at a dis- 
tance Respiration IS fast, shallow and irregular Asphyxia (with a le- 
thal outcome) may occur during convulsions Children with the hyper- 
pyrexia often develop circulatory disorders the arterial pressure 
falls, the heart rate accelerates, and microcirculation is upse 
Diagnosis The diagnosis is not difficult The vivid clinical picture 
supplemented with temperature measurements is quite conspicuous 
to exclude diagnostic error 

Intensive therapy The therapy is directed at correction of the vi- 
tal functions and control of hyperpyrexia (Fig o ) 

1 Temperature is lowered by P^iys^cal and medicamentous means 
Physical methods include cooling of the body by 

from the child fb) applying ice packs to the head and groin where 
the femoral vessels closely underlie the skin, 

with alcohol fd) irrigating the stomach (through a gastric tube) 
With water at a temperature of 4-5°C (this ^ 

gans ad]acent to the stomach, e g the hjar, sp i . hlnnrl vol 
nal aorta, through which to 50 per cent of the circulating l>looa a o 
ume IS passed (e) irrigation of the large intestine AVith ice-cold water, 
(f) bloAving of air (frL a fan), this decreases the body temperature 
by 1-2°G during 15-20 minutes 
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Fig 51 Intensive tlieiapy of liypcipyrovia 

a— application of ice to the head, air blowing, 5— administration of cold solu- 
tions into the stomach and rectum, c— sponging with alcohol or ether, d— ad- 
ministration of antipyretics 

Some authors recommend cold baths and packs as physical meth- 
ods of cooling Of course, these methods can be used to treat hyper- 
pyrexia, unless no emergency measures are necessary 

Analgin, amidopyrine, acetylsalicylic acid, ammazine, and some 
other antipyretics are used Analgin should he administered m e 
dose of 0 1 ml of a 50 per cent solution per year of age Amidopju’ine 
IS used in a dose of 1 ml of a 1 per cent solution per kg bodj" weight 
Acetylsalicylic acid is given in a dose of 0 05-0 1 g per year of age 
Moreover, all solutions for infusion therapy should be cooled to 4°C 
In our opinion, hyperpyrexia should he treated by complex therapy, 
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including both physical and chemical means The temperature should 
not however be lowered beloAv 37 5''C because after suspension of 
^“^ipj^rotics therapy, the temperature continues decreasing by it- 

2 Correction of vital functions includes tbe following (a) first 
nf all it IS necessary to quiet the child and to create a Kind of nouro- 
P^cgia A 2 5 per cent aminazine solution (0 1 ml per year of age) is 
Used for the purpose In addition to anticonvulsive properties, ami- 
nazine has also a good antipyretic effect Effective also are lytic mix- 
tures which, in addition to aminazine, also contain pipolphen, which 
given in the same doses as aminazine, (b) brain oedema should be 
® animated by conducting dehydration therapy (see Ch 22), (c) in 
ne presence of respiratory and cardiac dysfunction, intensive thera- 
py should be directed at rapid elimination of the'^e syndiomes, (d) 
^u^ticosteroids (hydrocortisone and prednisolone in doses of 3-5 and 
mg/kg^ respectively) should be administered to maintain adre- 
uul function in the presence of hypotension, (e) hyperpyrexia is in 
^ost cases attended with metabolic acidosis, which can be corrected 
y administering a 4 per cent sodium hydrocarbonate solution The 
necessary dose is calculated from the Smith formula, where base defi- 
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Convulsions m neonates with intracranial birth trauma are caused 
by intracranial haemorrhage, gliosis of the brain at sites of ischae- 
mia, and subsequent atrophy of the brain tissues Convulsions that 
develop aftei various injuries are also explained by haemorrhage and 
subsequent cicatrization and adhesion of tissues after its resolution 
Convulsions in infectious diseases are connected with infectious- 
to\ic effect on the brain with subsequent development of intracrani- 
al hypertension and brain oedema Children with bad allergic anam- 
nesis have an increased susceptibility to convulsions Convulsions de- 
veloping along with skin eruption in children’s infections indicate 
the phase of toxic encephalopathy ■, i 

Convulsions arising in prophylactic vaccinations develop by t e 
mechanism similar to that observed in the antigen-antibody re- 
actions, allergic predisposition of the body is often the provoking 
factor 

In acute neuroinfections convulsions are manifestations or gener- 
al disorders in the brain, intracranial hypertension and brain oe- 
dema Hypocalcaemia accounts for convulsions in spasmopnilm 
Clinical picture Clinical manifestations of the convulsive syn 
are quite varied and depend on many factors 
m the time of their development, their duration, 
pain, degree of affection of the nervous system, the the 

ness at the moment of convulsion onset, frequency o J rfnnir 

amount of muscles involved, and the form of 

convulsions are rapid muscular contractions whic rhvthmic 

other at short irregular intervals Convulsions -orphral rortex 

and arrhythmic and depend on the excitation of t devel- 

Tonic convulsions are prolonged ^ic convulsions 

op slowly and continue for long periods of tim tonic con- 

can be primary, but can also be secondary to c on ( oniiensv) 
vulsions develop immediately nfter clonic convu indicate 

Convulsions can be local and generalized Tom 
excitation of subcortical brain nodes ,o mute snecific 

The clinical picture of the convulsive syn , eveballs 

The child is suddenly abstracted from the Cral 

first move involuntarily and then are fixed in PP elbows 
position The head is thrown back, the arms The ton- 

«dw„,ts, the legs are stretched, --"d fte vs ^ 
gue can be bit The pulse and respiration ore slow a y 
sible This tonic phase of clonicotomc oonvulsions lasts not long 

than a minute, and the child then takes of the face, 

Clonic convulsions begin with muscu convulsions be- 

the muscles of the limbs soon become ^“^“Ij^'^hoarse and foL ap- 
come generalized Respiration hecomes no y^ h ^ 
pears at the mouth The skin is pallid The ^eort ra 
convulsions vary in their length and can end letiiaiij 

19--01222 
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Various convulsions occur in children with various diseases For 
example, tonic or clonicotonic convulsions occur in neonates with 
asphyxia, they disappear as soon as asphyxia is eliminated and 
brain oedema corrected 

Neonates with intracranial birth tiauma usually de\elop gener- 
alized convulsions, tonic or clonicotonic contractions of the muscles 


attended by cyanosis and respiratory distress The child can develop 
considerable hyperpyrexia The anterior fontanclle is tense, the 
child suHers from vomiting and regurgitation Convuhions occur- 
ring 2-3 months after birth can be epileptiform 

Convulsions occurring due to injuries aie clonicotonic The pa- 
tient can be unconscious, vomiting, hemiplegia and affections of the 
cranial nerves can develop Nystagmus, anisocoria, respiratory di- 
stress are possible too They indicate compression of the cerebral stem. 

Haemolytic disease of newborns is characterized by tonic convul- 
sions which convert into opisthotonos The child’s face is dislorted 
(Graefe’s sign) and he shrieks 


The picture of an apoplectic stroke develops in acute disorders of 
cerebral circulation in children with septic processes The patient 
m unconscious and clonic or clonicotonic convulsions are observed 
Hemiplegia can be seen on the non-involved side 
In acute infectious diseases with affection of the central nervous 
system, convulsions develop at the height of the disease, they are ton- 
ic or clonicotonic These convulsions are due to general cerebral 
disorders and indicate the encephalic reaction to microbial invasion. 
As a rule, these convulsions disappear with the fall of temperature 
rurulent meningitis is characterized by tonic convulsions in the 
extreinities and clonic twitching of muscles of the face and trunk 
ncephalitis is characterized by tremor, trismus and clonic convul- 
sioGs during th© initicil st&gG of tliG disGEisG 
As a ru^Ie, children with epilepsy are treated by neuiopathologists 
and psychoneurologists If an epileptic child with convulsions is ad- 
mitted to the intensive therapy unit, he is treated as othei patients 

necessary to take into consideration the pre- 
vi^s treatm^t given to the patient and its efficacy 

tn difficult But it is not sometimes easy 

the cause of convulsions A correct and thorough anam- 
situation The health of the parents and informa- 
pregnancy (infections, intoxications, abuse of 
occupational hazards, andthreat- 
ttip M are especially important for correct assessment of 

convulsions It is necessary to find out the out- 
dpvi'itirvnc previous pregnancies and if there were pathological 
labniTrt Tf ^ intracranial injury, asphyxia, piotracted 

nnipt^ f necessary to know the condition of the child before the 
onset of convulsions and the details of the first attack of convulsions 
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In addition to anamnesis, il is also important to carry out addition- 
al examinations, such as electroencephalography Encephalograms 
are characteri7ed hy reduced basic rhythm, hypersynchronous poten- 
tial actiMty and peaK-like oscillations These paroxysmal signs on 
EEG, especially sliarp ^^a^cs and peak complexes with slow wa^es, 
indicate epileptiform palhologj' 

Skull x-ray i"? aEo important for diagnosis The presence of changes 
in the bone stiucture (yitli characteristic clinical picture) can 
ser\e as organic cause of comulsiye attacks 
Rheoencephalography can be used to assess filling of the blood ves- 
5=els and the condition of the vascular yall, and to reveal asymmetry 
in blood filling of various portions of the brain These changes in in- 
fanls can be due to congenital growth defects or the results of peri- 
natal pathologj, they can be the cause of epileptiform attacks 
Cerebrospinaf puncluie is diagnostically important Increased 
pressure in the cerebrospinal fluid (above 130 mm HgO) indicates li- 
QUor hypertension The pressure can remain normal in the presence 
of hypertension only in cases where the liquor routes are blocked 
If the liquor ducts are blocked above the point of puncture, the liquor 
pressure does not rise in response to compression of the jugular veins 
Rlockage of the subarachnoid space in the lower thoracic and lumbar 
regions does not increase the liquor pressure when pressure is applied 
fo the abdominal vein region for a few seconds The presence of blood, 
fresh or leached erythrocytes in the liquor indicates subarachnoid 
naemorihage Normally, 1 cu mm of liquor of infants contains from 
5 to 20 cells, 0 2-0 3 per cent of albumin and 50-60 mg% of sugar 
Increasing number of cells in the cerebrospinal fluid and lymphocy- 
tic pleocytosis indicate serous meningitis Cloudy fluid, neutrophilic 
iir mixed neutrophilolymphocytic pleocytosis, and also increasing 
amount of albumin suggest purulent meningitis Increasing concen- 
tration of albumin in the liquor (in the presence of altered but 
Relatively stable pleocytosis) indicates blockage of the liquor ducts 
The presence of protein-cellular dissociation, i e increasing con- 
centration ot protein in normal cytosis, can suggest the presence 

of newgrowth p.i, ^ j i 

^ An important additional method is examination of the fundus 

Asymmetric haemorrhages in the retina indicate intracranial haem- 
orrhage Congestive papillae of the optic nerve indicate increased 
intracranial pressure Inflammatory diseases in the cranium are man- 
ifested by neuritis of the optic nerve 
ft IS always necessary to suspect connection between convulsions 
^nd infectious-inflammatory diseases, changes provoked by diso^ 
dered water-electrolyte and mineral metabolism, intoxication caused 
% disturbances in the detoxicating function of the kidneys and hv- 
or This will ensure a correct pathogenetic approach to treatment of 
patients, in addition to symptomatic therapy 
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Fig. 52 Intensive therapy of convulsions 

a — administration of anticonvulsants, b — cerebrospinal puncture, c— anaesthe- 
sia and artificial lung ventilation, d — dehydration 

Intensive therapy The intensive therapy of convulsions includes 
the following correction and maintenance of vital body functions, 
anticonvulsive and dehydration therapy (Fig 52) The sequence of 
procedures depends on the child’s condition It is quite evident that 
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if convulsions occur in the presence of maiked disorders in respira^ 
tion, blood ciiculation and waler-electrolyle metabolism, which are 
a direct danger to the child’s life, intensive therapy should he begun 
With correction of these functions The anticonvulsive therapy is of- 
ten combined with correction of the vital functions 
1 Maintenance of the vital body functions includes the following 
(a) removal of any hindrances m the airways by aspiration, {b) 
oxygen therapy, (c) artificial ventilation of the lungs (whenever nec- 
essary), (d) maintaining noimal circulation of blood, (e) control of 
the water-electrolyte metabolism, acid-base balance, and other bio- 
chemical indices of homeostasis (any shifts should immediately be 


corrected), (f) administration of hoimone preparations 

2 Anticonvulsive therapy is carried out by various methods and 

using various medicines The methods are described in the order of 
their increasing efficacy It should be understood that it is unneces- 
sary to use all means available The therapy given in each particular 
case depends on the skill of the resuscitator and the child s condition 
(a) Rectal administration of 1-3 per cent chloral hydrate solution 
(0 2 g of dry substance per year of age) Chloral hydrate has an ad- 
verse effect on the respiratory centre and it should not therefore be 
Used m the presence of respiratory disorders, (b) intramuscular or 
intravenous administration of aminazine in a dose of 1-2 mg/kg 
Aminazine should preferably be administered together with pipol- 
Phen, (c) short-acting barbiturates should be infused slowly until 
convulsions are eliminated Barbiturates include a 2 per cent liexe- 
nal or a 1 per cent thiopental sodium As a rule, 3-5 ml of the solu- 
tion will be sufficient, the preparations can be administered again in 
recurrent attacks, (d) sodium oxybate (20 per cent solution) is a very 
effective anticonvulsive and hypnotic preparation It should he in- 
fused rapidly (1 ml per year of age) Sodium oxybate can be admin- 
istered by drip iniections in a 5 per cent glucose or isotonic sodium 
chloride solution (to prevent repeated convulsions) If convulsions 
should be removed immediately, nitrous oxide with oxygen ( ) 

should be given for inhalation anaesthesia in combination with hal- 
othane This method should however be used only if other methods 

If anaesthesia does not remove convulsions, which cause respi- 
ratory distress, muscle relaxants should also be adminis ere an 
augs ventilated artificially , , 

3 Dehydration therapy is obligatory, it 

(a) magnesium sulphate, a 25 per cent solution (1 

The injection can be intravenous in severe cases A 10 

am chloride solution should be infused in a dose 

age, 10-20 ml of a 40 per cent glucose solution ® 

*3 should also be infused fb) lasix should be injected intraAenously 

f mtramuscularly in a dise ot 3-5 mg/kg a day, (c) 

(aovunt, lonurit) should be administered m a dose of 0 1 ml per year 
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of age, (d) glycerol, which is an effective dohydialing agent, should 
be administered into the stomach through a lube in a do<^e of o- 
15 ml, (e) if convulsions persist, the use of osmotic diuiclics 
be considered a 15-30 per cent solution of mannitol (5-10 ml/Kg) 
or urea (1-1 5 g/kg) should be used 
4 If these measures fail, lumbar puncture should he done to willi- 
draw 5-10 ml of liquor 


Chapter 25 

Infusion Therapy 
of Water-electrolyte Disbalance 

Infusion (mfusion-transfusion) therapy is the method of par- 
enteral administration of various substances distributed in an aqueous 
phase Infusion therapy is directed at maintaining the main bodv 
functions and biochemical processes Infusion tlierapy is used to cor- 
rect or maintain (within the required range) the volaemic status 
(volumes of body fluids), hydrogen ion concentration, and acid-base 
balance, it improves the properties of blood, ensures detoxication of 
the body, passive immunization, supply of the body with plastic 
and energy substrates, and also parenteral administration of medi- 
cines at a strictly defined rate These problems can be solved either 
separately, in sequence, or simultaneously 

Methods of infusion therapy At the present time the only effective 
method of infusion therapy is intravascular administration of solu- 
tions In most cases the solutions are administered intravenously 
although intra-arterial infusions are also used In exceptional cases 
(when other methods fail) the solutions can be administeied intiaos- 
seously, but only a limited number of solutions can be administered 
by this method Any suitable vein can be used for infusion of solu- 
tions Conditions permitting, the site and approach to the vein should 
be selected depending on the volume of infused solution, intensi- 
ty and duration of infusion therapy (Figs 53-56, Plate 9) 

Solutions for infusion therapy Modern classifications of solutions 
for infusion therapy lack terminological unanimity and have some 
other disadvantages We shall therefore only name these solutions 
and specify indications for them 

Blood -preparations These include whole (canned) blood, plasma, 
erythrocytes, leucocytes, thrombocytes, etc They are indicated for 
hypovolaemia of any aetiology, anaemia, hypoalbummaemia, leu- 
copenia, thrombocytopenia (not associated with disseminated intra- 
vascular coagulation), decreased coagulability of blood, and some 
other conditions 
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rig 53 Peripheral \oinfa suitable for puncturing 
cubital \ein, i— veins of the band, c— anterior vein 



^ig 54 Vein puncturing and fixation 

^ tvinged needle device, b — puncturing the vein, c ^eln fixation 
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Fig 55 Puncturing (a) and fixing (b) head veins 



n— puncturing subclavian vein, 6— passing a guide wire through the needle, 
c— passing a catheter over the guide wire into t& vein, d— puncturing a femoral 
vein, e— puncturing internal jugular vein 
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Preparations for replenishment of the circulating blood volume. 
These preparations are often used in anaesthesiology, intensive ther- 
apy and resuscitation because hypovolaemia, associated with the 
loss of plasma, frequently occurs in various pathological conditions 
in children Preparations of this group include natural and synthetic 
solutions, such as plasma, albumin solutions, protein, polyglucin, 
rheopolyglucm, polyvinol, and others Ringer’s and Hartmann’s so- 
lutions have been recently proved to be quite effective in correcting- 
hypovolaemia Water deficit can be corrected using 5 and 10 per 


cent glucose solutions 

Isotonic sodium chloride solution and polyionic solutions of vari- 
ous composition are widely used in vomiting, diarrhoea, gastrointes- 
tinal draining, and in other conditions to replenish pathological loss 
of fluids containing ions 

Concentrated solutions of sodium chloride (10 and 5 per cent solu- 
tions), potassium (7 5 per cent solution), calcium (10 per cent solu- 
tion), magnesium sulphate (25 per cent solution) are used to meet 
normal demands for the main cations or to eliminate their deficit 
A.S a rule, the solutions are administered uniformly and as slowly as 
possible But in some cases it is necessary to infuse solutions at a 
fast rate For example, in order to eliminate severe hyponatraemia 
m the presence of dehydration, a 10 per cent sodium chloride solu- 
tion IS infused at a fast rate, magnesium and calcium solutions can 
also be infused at a fast rate. 

Potassium chloride may be infused only in concentrated (lU-la 
per cent and more) glucose solutions with insulin, while the concen- 
tration of potassium chloride proper should be not higher than 1 per 
cent The daily dose (in the absence of potassium deficit) should not 
exceed 3 mmole/kg for infants to 6 months of age and 2 mmole/kg 
for older infants The daily potassium dose should be administered 
m 3-5 portions during the course of 16 to 24 hours The safe potassi- 
um concentration in the solution is 40 mmole/1 (4 ml ot a / 0 per 
cent solution of potassium chloride in 96 ml of glucose solution) 

In the presence of potassium deficit, the concentration can be in- 
creased to 80-150 mmole/1 with strict control of potassium level in the 
plasma and erythrocytes Administration of potassium in oliguria 
is contraindicated ,, ^ i 

In order to remove hyperhydration, osmotically active substances, 
such as sorbitol or mannitol, should be used solutions of consider- 
able concentration The solutions should be infused at a considerab- 
ly high rate in order to provide a considerable inciease m osmotic- 
concentration of a given substance in the serum, winch in turn in- 
duces osmotic diuresis , ^ / 

Acid-base disbalance in metabolic acidosis is 
und 8 per cent sodium hydrocarbonate solutions, ^ ^r^ien Ij^ 
^vith tris-buffer and trimethyl aminomethane solutions Large do.es 
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•of potassium chloride are most effective in metabolic alkalosis, es- 
“pecially m post-aggressive conditions 

Detoxicating preparations are often used for intensive therapy of 
•children with various infectious processes These preparations include 
substances capable to adsorb toxic products of decomposition of bac- 
teria and of own cells of the body Haemodes, albumin, plasma, 
protein, rheopolyglucm and the like preparations are believed to bo 
most effective 

Preparations and solutions for parenteral nutrition form a special 
group, which can be divided into the following three subgroups 
preparations for plastic, energoplastic, and energy supply Theprep- 
•arations of the first type include protein hydrolysates and solutions 
•of crystalline amino acids, free of alcohol or carbohydrate Prepara- 
tions of the second type contain solutions of crystalline amino acids 
•containing energy substrates, such as sorbitol, xylitol, fructose, and 
less frequently glucose and ethanol Glucose solutions (concentration 
"from 10 to 70 per cent) and fat emulsions are energy substrates It 
^hould be noted that part of carbohydrates and fats is involved in the 
building up of structural elements of cells and tissues of the body 
Preparations for parenteral nutrition include solutions of vitamins 
and microelements 


Infusion therapy. Infusion therapy during surgical operations, 
intensive therapy and resuscitation of infants and children includes a 
series of consecutive operations and appropriate calculations 
the principles of infusion therapy are very simple They are 
(a) mee mg normal physiological demands of children for water and 

ipni n? (^) replenishment of cur- 

Tent pathological loss of water and ions 

realized by administering water and ions to 
•calcnlatpd P lysiological demands These quantities can be 

® ““ Of 

it deficit is a difficult problem because 

it IS ditficult to determine accurately the lackinn ammmt^ nf water 

mine the dSTo^iat "^^i^dren The simplest method to deter- 
?odv wpiht ^ r by calculating the difference of the child’s 

•examina mn rtVt. "I at the moment of 

onlv effprtivp in art t the liquid deficit But this method is 

weilht^nf thp water-salt metabolism or if the 

weight of the child before the onset of the disease is Icnn^vn This 

rnthrmimTtrv^d'^ffp^^ children, especially to children whose 

•anthropometry differs significantly from averae-e itiHipps /’normal 

™.ghnfui"nown 

quid deficit can m such cases be determined by the change of the 
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liaonialocnt usin" the following formula 


//fp-///n 
100—///,, '' 


b wt X K 


"\\hore ///p IS tin? haematocnt of the patient, ///„ normal liaematocrit 
for the child of a given age, b wt is the body weight in hg, and K 
IS the coefficient, vhich is 0 3 for infants under 1 year and 0 2 for 
•older children It should be noted that the error of determination of 
liquid deficit by this formula can be great, and this formula is there- 
fore rarely used in pi act ice 

The deficit of ions can be determined also using special formulas 
''^^ith due consideration of the eiror The deficit of the extracellular 
sodium can be found using this formula 

(140 — t7p) X b wt X K = deficit, in mmoles 

'Where Cp is the concentration of sodium in the serum of the child 
snd K IS the same coefficient as in the previous formula The deficit 
of the intracellular potassium can be determined from the formula 

(80 — C^) X b.wt X 0.4 = deficit, in mmoles 


"where 80 is the lower limit of normal concentration of potassium in 
orjdhrocytes, Cp potassium concentration in the child’s erythrocytes, 
und b wt X 0 4 IS the volume of liquid in the intracellular space 
The accuracy of the formulas can be slightly improved if the coeffi- 
cients are replaced by the relative volumes of liquids in the intra- 
snd extracellular space as specified for various ages in Ch 3 It 
should be noted that the ion deficit rarely occurs without changes in 
the Water content of the body, and this deteriorates the accuracy of 

calculations 

The replenishment of current pathological loss is not difficult The 
Wolume of pathologically lost liquid (except liquid loss with perspi- 
lation) can be measured The concentration of the mam ions in the 
lost liquid can also be determined, and this enables the realization 
of the third principle of infusion therapy to a sufficiently high degree 
cf accuracy , . , 

The pathological loss of water ivitli perspiration can be replen- 
ished as follows when the body temperature increases m the absence 
of marked dyspnoea, 10 ml/(kg X day) of water should be added to 
the total daily given volume of water per degree centigrade above 
37°C, on condition that the elevated temperature persists for 
24 hours If the fever is shorter, the additive should be decreased cor- 
respondingly In the presence of dyspnoea, another 10 ml/(kg X y) 
should be added per each ten respiratory cycles 
Pathological loss of liquid from the gastrointestinal tract should 
replenished by two methods One of them is very tentative It 



300 


P.iiL 'lliiop Rosii'-tit.iUon iuh! Intt Ihfrnpy 


consist'^ in ,ulinim‘'li.Uion of llu' n>n ‘•oliili()n‘< (n‘'n.ill> 
lulioJi) whoso vohimo oqu.il to llio iiqnul Noininc io'-t \ inon <n- 
cuialc method is admuusli.ilion of a o jmi oent qhicoM- M)lutum (on- 
taming concentiatccl solutions of lOti'' 'llu* (jnnntily of lon^ ^lionhi 
he equal to the quanlll^ of lo'-l lon^', uhirh ‘'honld he (h'l«*umn'Mi 
by analysing the lost hijiiid and c.ilcnlaliiig the lolnl of 

the ions lost It is leasonahlc to icpleni‘'h iiathologirnl lo'-'-e*- dnnnq 
infusion thciapy, by adding the appropriate (fuanlili of v.ifer and 
ion solutions to the daily infu‘'ed \olmne‘' (nl b-8-hom inter- 
vals). 

The total quanlitj of vatei and ion*', w Inch the child •'hould obtain 
with infusion therapy, should he equal to the ‘•uni of phjMological 
demands for valor and ions, the deficit (if an\), and pathologual 
losses If the child is able to eat and diinlv, po*-sible or factual aiuoiint*’ 
of liquid taken as food should bo taken into coiu^idernlion din- 
ing calculation of mfu'iion thciapj Nolunie*' *1110 quantity of liquid 
that should be infused lnlla^ellously cbould be dcirca‘-ed corrc'-pond- 
ingly (by the volumes that aie taken vith food) 'J he quantity of in- 
fused ions can be left unchanged 
An impoilant factor of infusion tlierapy m the lato of infu‘-ion. 
It can be latlier liigli vlicn liquids aic infu'^od foi liypo\olaeniia T he 
dose should be infused within 90 minute*^ mnMninin In the presence 
of haemorrhage, plasmonhoea (from injuiod ‘^kin), hacmorrhngu or 
hy'povolaemic shock, the rate of infusion should be ^c^y liigli When 
liquid deficit is being eliminated, it is not recommended to ropleni'ih 
the entire liquid loss within 24 liours, especially if dehydration is 
severe (exceeding 6-7 pei cent) The deficit should be heliei replen- 
ished during two days ,-/ , delicit being replenished during the fir‘-t 
day and Vg during the second day 

A simple way to regulate the infusion rate is In the number of 
drops pei minute For most dropping svstems and substances the 
size of a drop is practically'^ 0 05 ml It follovs therefore that one mil- 
lilitre contains 20 drops 

The formula for the determination of the liourly infusion rate is 
derived as follows The minute infusion rate being 10 drops, the hour- 
ly infusion rate is 10 drops X GO mm x lir/20 drop/ml = 10 X 
X 3 = 30 ml/hr The factor of 3 is used to determine the hourly' in- 
fusion rate in millilitres These lelationsliips are used to determine 
the volume of liquid infused during an hour m ml = drop/min X 3, 
and the rate of infusion in drop/min during an hoiu 

V _ ml/hr 

' drop/min o 


V A ml 

' drop/min X 3 
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n, = 


T m ml 


drop/m in X3 

under “I"" ‘’‘'‘P ‘"fusion to infants 

should not evceed of daily volume 

anre ,n «c»d-l)asc balance. The coirection of acid-hase disbal- 
infusmti respiiaton disorders, is not the prerogative of 

disordpr' liierefoie, in this section we shall only consider 

thennv^ cannot he eliminated by means other than infusion 
arirlni.’' ’ least by administration of some solutions Metabolic 
s and metabolic alkalosis aie such disorders 
of acidosis Wo have already named the causes 

vafp H ° ecidosis This condition can to a cei tain degree aggra- 
abolip ^°l^rse of the pathologj responsible for the onset of met- 
imio (thus to complete the vicious circle) In orderto elim- 

laem acidosis the following should be done (1) hypovo- 

Perin]^ should be eliminated by any possible means, (2) perfusion of 
fgjjg ^^ssues should be improved, (if removal of hypovolaemia 
concf ° desired effect, vasoplegics, or less frequently, vaso- 

cnsu ^ should be used), (3) o\ygen supply to the child should be 
jjQ possible means of oxygen therapy (artificial ventila-. 

be (^) the contractile power of the myocardium should 

^ji ^“St'hened by medicines, if necessary, (5) adequate diuresis 
som t ensured, (6) supply of energy substrates (carbohydrates, 
etimes with insulin) should be ensured, (7) vitamins B should be 
Ministered in therapeutic doses 

(.g ^°nip^ex of measures is effective practically in all cases ex- 
it where sufficient blood oxygenation in the lungs is unfeasible 
as bicarbonate should be administered if the pH is as high 

carb ^ This may be necessary during resuscitation or if the bi- 
tion IS lost with the material evacuated from the lower por- 
the t small intestine It should be remembered that except in 
(non ®®se, administration of sodium bicarbonate is a palliative 
measure, winch does not eliminate the cause of 

metohoZic alkalosis It has been said that metabolic 
Um most often occurs after critical conditions due to potassi- 
thpv ^rom the child’s body As 3 potassium ions leave the cell, 

the ^splaced by 2 sodium ions and 1 hydrogen ion This causes 

thp y^^ogen ion deficit in the extracellular fluid and alkalosis in 
doqp^^ c Catabolic alkalosis is eliminated by administering big 
(usii^ii potassium chloride simultaneously with energy substrate 
egg.® y? glucose added by insulin) In these cases the glucose con- 
‘tration is not less'than 10-15 per cent The time during which meta- 
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bolic allvalosis can be eliminated depends on the degree of potassium 
deficit As a rule, it takes not less than 36 houis The pota<?sium con- 
centration m the infusion solution can be 100 mmole/1 (10 ml of a 
7 5 per cent potassium chloride solution in 190 ml of solution) In 
some cases the potassium concentialion can be even higher 
(150 mmole/1), but the ion concentration in the plasma and erythro- 
cytes should in such cases be determined in the laboratory at short 
intervals, caidiomonitoring is also required Elimination of potas- 
sium deficit and metabolic alkalosis should not be begun before the 
complete recovery of the renal function Efficacy of treatment can 
be controlled by the potassium concentration in the intracellular fluid 
of erythrocytes and the pH of tlie urine If the urine reacts alkaline 
(the pH IS determined in fresh urine) it indicates efficacy of the ther- 
apy Elimination of the deficit coriesponds to normali7ation of the 
acid-base balance and potassium concentration in the intracellular 
fluid of erythrocytes 

Haemorihagic shock According to modern views, canned blood, 
Hartmann’s solution (Ringer lactate) and synthetic plasma evpand- 
ers are the best preparations to treat haemorrhagic shock The treat- 
ment usually begins with administration of plasma expanders or the 
Ringer lactate solution until the group of blood and the Rhesus fac- 
tor of the patient are determined and the donor blood is tested for 
compatibility with the patient’s blood The rate of infusion is con- 
trolled by the arterial pressure, pulse rate and the appearance of the 
urine If the patient is in a severe shock, all preparations can be ad- 
ministered simultaneously into different veins It is recommended 
to administei a polarizing mixture (20 per cent glucose solution, po- 
tassium in the concentration of up to 40 mmole/1, insulin in a dose 
of 1 U per 2-3 g of dry glucose) 

Hypovolaemic shock This usually occurs in dehydration or abrupt 
fall of the vascular tone The therapy is actually the same as in the 
previous case, except that blood transfusion is unnecessary The 
mam preparations are plasma expanders of any type (synthetic, e g. 
polyglucin or rheopolyglucin, homogenous or isogenous, e g albu- 
min, plasma. Ringer lactate) 

Hypotonic dehydration Severe disorders in the water-salt metabo- 
lism frequently combine with pronounced hyponatraemia Treat- 
ment should begin with partial correction of the sodium deficit Tine 
can be done by administering 0 5-1 ml/kg of a 10 per cent sodium 
chloride solution Further treatment should be conducted in accoi fi- 
ance with the general principles, paying special attention to the 
primary elimination of hypovolaemia, which practically always at- 
tends this type of disorder 

Hypertonic dehydration Solutions that do not contain sodium ions 
should not be administered even during the early stage of treatment 
When solutions are infused at a fast rate, the ratio of solutions con- 
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taming glucose and sodium should be about 5 1 If infusion i& 
slow, the ratio is 4'1. 

Renal failure The volume of solution that should be infused for 
acute renal failure should be determined by the sum of fluid volu- 
jties lost with perspiration and excreted with urine The volume of 
hquid to bo infused in anuna should correspond to the liquid loss 
'Mth perspiration, loss voter of oxidation 


Chapter 26 

Parenteral Nutrition in Intensive Therapy 

Parenteral nutrition is pait of infusion therapy It means the sup- 
ply of all necessary nutrients that cannot be ingested per os The- 
mam indication for parenteral nutrition is impossible feeding of a 
child by any other method Sometimes nutrition is given parenteral- 
y m cases vhere normal feeding or administration of food through 
a gastric tube does not meet the body demands for nutrients 
Classification Parenteral nutrition can be total, partial, or addi- 
tional 

Total parenteral nutrition (liyperalimentation) means intravenous 
administration of the total nutrient requirements 
Partial parenteral nutrition is intravenous administration of the- 
acking amounts of all required nutrients in addition to admin- 
istration of nutrients by other routes (per os or through a gastric 
tube). 

■Additional parenteral nutrition is intravenous administration of 
some nutrients, for which the child’s body has increased demands 
Prom the point of view of biochemistry, the mam difference of 
Psrenteral nutrition from ordinary one is that parenteral nutrition 
oes not require transformation of food polymers into inonomers 
vamino acids, hexose) except hydrolysis of neutral fat, which ^ 
port of fat emulsions Fats are hydrolysed in the blood vessels by the 
oction of lipoprotein lipase of plasma The intracellular metabolism 
nutrient monomers, administered either parenterally or per os, 

0 otherwise the same , + 

Parenteral nutrition systems We shall consider two mam systems 
° parenteral nutrition One of them is used to administer all require 
nutrients, ammo acids, carbohydrates (glucose), and fats Fats 
not administered parenterally with the other system and all ener- 
gy requirements are met by carbohydrates alone In the latter case, 
no glucose dose should exceed the normal demand two times 
During recent years fat emulsions are produced for parentera 
^ntrition The system of balanced parenteral nutrition is therefore- 
frequently used 


now. 
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Planning total parenteral nutrition Calculating the daily programme 
ior total parenteral nutrition is similar to planning the daily in- 
fusion therapy programme First of all, the total volume of liquid 
i,hat can be infused to a given child during 24 hours should be deter- 
mined This volume depends on the condition of the child, his cardio- 
vascular and excretory functions, and some other factors The great- 
est difficulties are met when making out the programme for paren- 
teral nutrition of children in critical conditions, because in addition 
to parenteral nutrition, they should also be given infusion therapy. 

The daily paienteral nutrition programme is calculated with re- 
ference to the daily demands of the child for nutrients and the volu- 
mes of solutions and preparations for parenteral nutiition The dai- 
Jy demands for the main ingredients of pai enter al nutrition for chil- 
dren of various age are given in Table 25 

Once the concentration of solutions and emulsions for parenteral 
nutrition, and the daily demands for fat, protein, and carbohydrates 
are known, the volumes of these preparations can be calculated 
It should be remembered that i g of fat is equivalent to 9 kcal, 1 g 
of protein 4 kcal, and 1 g of carbohydrates 4 kcal A well balanced 
parenteral nutrition satisfies the energy demands to 50 per cent by 
'Carbohydrates, to 40 per cent by fats, and to 10 per cent by proteins 
In hyperalimentation 90 per cent of the energy demands are satisfied 
by carbohydrates and 10 per cent by proteins The required ingre- 
dients are infused in the volume of liquid equal to the daily liquid 
•demand The nitrogen to energy ratio of the parenteral nutrition should 
be not less than 1 g 200 kcal Otherwise the administered ammo 
acids will oxidize with the release of the lacking amount of 
‘energy 

General instructions. Solutions and preparations for parenteral 
nutrition can be administered at any point of the blood circulating 
-system Hyperalimentation should preferably be conducted through 
catheters inserted into the central veins because solutions of high 
osmotic concentration, winch are used in such cases, can damage the 
venous intima Large vessels are less vulnerable to tbis effect If 
peripheral veins are used for the purpose, a necessity arises to change 
the vein frequently If total parenteral nutrition is given, any vein 
can be used, but practical experience shows that the central veins 
should be preferred 

All ingredients of parenteral nutrition should be administered si- 
multaneously The protein preparations (solutions of crystalline 
-amino acids, protein hydrolysates) should be mixed with carbohydrate 
solutions in one vessel Fat emulsions should be administered si 
multaneously with the other ingredients but from a separate driP" 
ping system The systems are ]oined into one before the entrance in- 
to the blood vessel Fat emulsion should not be mixed with any 
'Other solution or preparation' 



Table 25 Normal Daily Nutrient Demands 
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Parenteral nutrition should ho conducted as loiif^ a^^ po'-'-ihlc, 
normally during 22-23 hours a da^ 

During hyperalimentation it i^ nece‘-‘'aiv to increa’-o gradualh the 
glucose dose by incieasing its concenli .ition in ‘-ohition (dining 2-5 
days) until a full dose is administered Parenteial nutiition ‘-hoiild 
not be inteiiupted for nioie than 30-()0 mimitec, o-'penally Mith full 
carbohydrate dose The infii‘'ion thcr.ip\ ‘■hould continiio for not 
less than 2-4 days 

Conti ol of parenteral nutrition The following ‘^lionld be (oiitiolled 
during parenteral nutiition coirect tilling of the ‘•N^-teni. thorough 
connection of the catheters to the administering ‘-\sioni, cleanliiie'-? 
of the diipping sy'^teni, coirect storage of ‘•olution*: and preparations, 
the rate of then adminisliation, and othei pamnieter'' Bimheimcal 
indices of the acid-base balance, baematocrit, baemoglobin concen- 
tration in the blood, concentration of plasma albumin, me,! gliico'-o, 
the mam ions of the serum, transamina'-o and bilirubin should also 
be controlled 

The chylous pioperties of serum and aBo the coiicentiation of non- 
esterified fatty acids, triglycerides and cholesterol in the ‘•eruin ‘should 
also be determined Moieover, in addition to these indices, it is 
also necessary to control some other factors that are important for 
common infusion theiapj, such as the dailj diurcM--, concentration 
of the main ions in serum, etc 

The regularity of control depends on the \alue of the obtained in- 
formation in each particulai case and on the child’s condition prior 
to the administration of parenteral nutrition The determination of 
various indices should be more fiequent during the initial period of 
parenteral nutrition, but latei it may be earned out once or twice a 
Nveek 

Complications of parenteral nutrition Wben administciing paren- 
teral nutrition, the physician may encountei with \arious complica- 
tions Most of them are due to incorrect assessment of the patient’s 
condition, errors in calculation of the amounts of nutrient ingredi- 
ents, incorrect technique of administration of nutrition, and inade- 
quate control of the patient’s condition In other words, piactically 
all complications are iatrogenic m their aetiology All complications 
of parenteral nutrition can he classified as technical, metabolic and 
infectious 

Technical complications include those, wdiich aiise duetoimprop- 
er catheterization of the vessels, incoirect use of various means of 
infusion therapy (dripping systems, perfusion pumps, etc ) 

Metabolic complications are manifested hy marked changes in var- 
ious types of metaholism They can sometimes have quite specific 
clinical picture MetaholiC complications include hyper- and hypo- 
g ycaemia, osmotic diuresis, dehydration, hyper- and hypocalcae- 
mia, hyper- and hypophosphataemia, deficit of essential fatty acids. 
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hyperannnoniemia, increased actnity of serai transaminase and 
concentration of bilirubin, cliolestalic jaundice, etc. Prevention of 
these complications depends on thorough daily obseivation of the 
child’s condition and strict obserAation of all rules for correct total 
parenteral nutiition The complications can be removed by analys- 
ing the prior changes in the child’s condition, pievious course of 
parenteral nutrition, the cuirent daily nutrition programme, with 
subsequent alteration of the nutrition conditions within the current 


or next day 

Iiifectiow^ complications include adverse effects of bacterial or fun- 
&al flora on the child, which are mainly due to administration of 
total parenteral nutrition These complicalion*? can vary in form and 

intensity, from insignificant inflammatory leaction of the skin around 

the point of insertion of the venous catheter to sepsis In most 
cases these complications aie due to inadequate care of the parenteral 
nutrition system (infrequent change of the bandage fixing the cathe- 
ter, disjoining of various connectors in the system, soiling the sys- 
tem With blood, solutions and preparations for parenteral nutri- 
tion, neglect of aseptic rules during mixing the solutions or prepara- 
tions, etc ) Another cause of infectious complications is imection 
of the child prior to parenteral nutrition It has been noted that the 
Incidence of sepsis during parenteral nutrition is rather high, in 
chddren and adults, it increases with the duration of the course. 
Prevention of infectious complications depends on thorough ohser- 
^'ation of all rules of prolonged and massive infusion therapy and 
Pamnteral nutrition i , . 

Efficacy of parenteral nutrition. Efficacy of parenteral nutrition 
's not questioned in general, but it is difficult to assess the daily effect 
nf this nutrition in a given child Unfortunately, there are no accu- 
rate means of assessment except by the nitrogen balance ^ 
nique is very difficult and it is rarely used m routine clinical con- 
ditions During prolonged administration of parenteral ^^trition the 
ost important criteria of its efficacy are stabiMy or n r 
f the body weight and of the mam biochemical so? ^ Jhe 

concentration of albumin, uiea, transammase, and glucose m ?e 

rum The criterion of efficacy of „p normal for 

on IS increasing body length and weight, which mitrition of 

age Assessing efficacy of short-term paren , | aj .0 

Jildren m critical conditions is very difficult, the 0 ?® rbanuL in 
"^uaby limited to a thorough control of the biochemical changes in 

0 blood serum and urine 
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Chapter 27 

Intensive Therapy of Acute Renal Failure 

Acute renal failure is characterized by severe renal dysfunction, 
which IS manifested by disordered water-electrolyte metabolism and 
upset acid-base equilibrium, by impaired withdrawal of protein 
metabolites (rest nitrogen), by a significant disturbance in the cir- 
culation of blood and lymph in the kidneys with subsequent develop- 
ment of azotaemia and uraemia 

Aetiology and pathogenesis Acute renal failure is a sequel to vari- 
ous pathological processes, by which blood circulation in the kidneys 
IS impaired, or by which a pronounced nephrotoxic effect is imposed 
Acute renal failure is a polyaetiological disease, which is always sec- 
ondary in its character Acute renal failure can be provoked by 
traumas associated with blood loss, burns of various degree, expo- 
sure to nephrotoxic substances, surgical trauma associated with 
upset water-electrolyte metabolism, transfusion of incompatible 
blood (incompatible with respect to the blood group or the Rhesus 
factor), bacterial invasion with haemolysis, bacteriaemic shock, or 
allergic reactions 

The condition of the patient before the onset of acute renal failure 
IS also very important This condition depends on the primary dis- 
ease, from which the patient suffered before the above-mentioned pro- 
voking factors promoted the onset of acute renal failure The primary 
disease may be associated with upset water-electrolyte metabolism» 
latent chronic nephropathy, etc Acute renal failure can develop 
due to severe cell invasion of the interstitial tissue of the kidney, 
which often concurs with intense cell decomposition, formation 
of considerable amounts of uric acid and obstruction of the renal 
tubules with its crystals 

Despite the numerous aetiological factors, the pathogenetic mech- 
anisms of the disease are quite general At the present time the 
ischaemic theory is quite popular Ischaemia is a very important 
aetiological factor of acute renal failure occurring due to circulatory 
disorders in shock of various aetiology It develops as a result of 
spasm of the renal vessels, the afferent vessels of the glomeruh 
included, thus arresting glomerular filtration This occurs in the 
presence of general hypotonia with a fall of arterial pressure below 
oU mra Hg But the fall of the arterial pressure is not the main caus- 
ative lactor, because acute renal failure often occurs in the pres- 
ence 0 normal blood pressure This indicates involvement of more 
complicated regulatory renal mechanisms The onset of acute renal 
lailme is connected with affection of the renal tubules due to anoxia 
ot the renal tissue 

When the body is exposed to a nephrotoxic substance, acute 
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renal fnihnc occurfc nol onh due to poisoning of llie ladne^^s but 
also due to distmbed renal blood flou Degenerative and necrotic 
changes occur in the epithelium of the proviinal tubules lliese are 
diffuse in their chaiactci In othei voids, the changes occur at si es 
vliere the toxic substance is reabsorbed after it has passed the g o- 
merular filter The intercurront ischaemia completes the set ot 
pathological changes and cause? the brcahdovn of the basa rnem 
brane Anuria can develop as a lesult of considerab e a ec lo 
Ibe lenal paronchj ina, compro'^sion of the uieleis I 

obstruction of then patencx Anuria can also be caused by 
occlusion of the ureter and the reflex depression of the other 
Ividncj f . f 

Lner disfunction is also an „enrTnti- 

aciite renal insufficiency The lixer and the kidneys Moreover 
raate ontophilogenetic and plixsiological ‘connections 
dmng shock these tvo organs aie equalli affected bi , ^ 

The condition can be cbaracteri/ed as the ^^oP^tOTe ^ 

The clinical picture of such cases is obaractenzed i Considerable 
of signs of liver affections Lethal outcome is po 
dystrophic and necrotic changes can be seen in the liver 
Cluneal picture Four stages are difinguisbed in ^ 
picture of acute renal failure 1 — the initial stag ^ All 
fia and anuria, 3— restoration of diuresis, g ^ benign 

these stages can be distinguished only if the d second stage 

course l! the condition of the patient \^he 

converts into uraemic coma During the ear i f gj^ock Depending 
ooute renal failure are often attended by ig -pnal affections or 
on the cause of renal failure, either sj mp om shock and 

shock vxll prevail For example, syndrome of 

ocal symptoms prevail in patients with ra gastrointestinal 

prolonged compression) In poisoning th ^ . A,vhich is com- 
dysfunction and shock xvill prevail The P ’ Q^jy tran- 
mon for both cases, IS circulatory .Tn last for several 

lent and remain unnoticed, while m otb®r , _ stage due 

days Glomerular filtration can be distmb pv gg^g decieases to 
o?|n he insufficiency of renal blood circu a i clinical signs 

00-500 ml a day and anuria occurs m and can remain 

0/ renal failure of the first stage are not gg and shock The 

^onoticed because of the gravity of the mai clinical picture 

rse of the first stage runs simultaneously with the 

general circulatory disorders and msts , l-j^g second stage 
The symptoms of renal affections pre gj^gj-acterized by align- 
acute renal failure The clinical pic older children and to 

50 Rn^® daily diuresis decreases to ^ gsjs decreases to 50 ml 
'00 ml in nurslings) or by anuria (tl urine of children 

older children and to 10 ml m nurslings) the 
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With oliguiia i': clnik and IiiiIihI. Ilia spciili'* "r.iMlj of thf urine 
IS low (1 009-1 010) iMicro‘'(op\ of llu* m‘(1uii( n( h-mmI'* tha pragma 
of great numbei of ai vllirocA las, laiuocNta^, epithelial (<>11*., and bnf- 
teiia Haemoglobin giains aia found in iiiti,t\ nlar h.u iiioh '•a 'lia 
condition of palienls dining Ihi*^ ‘'l.iue inlnal \dui.inua <la\a- 
lop^' The body temporatme ailbei normal or alas.ilad tba rear- 
tiMtyof the child dacica'-es. I ha tomiiaialina ii-a i an be in^-igmfirant 
The skin is diy and ‘scaling Tba narvnn^ ‘•\^lain i*- afnrlad, " huh is 
cbaiactoii7cd bv asthenia bcad.irha, iin ra.i'-mi faltgna, nim-cnlar 
excitation, convulsions ps\cbK di^-ordars vilh at iila dahrium and 
suicidal attempts 


Upset watei-electioU ta balania is .m iiiifiorlant fai tor of the 
clinical picture in acute loiial failme UrinaK--!s n \aal‘. proiains. in- 
creased quantity of leucocytes, arMbiocMas, nnd lasts I he blood 
pictiue IS chaiacterucjl b^ b> ponati.iamia (to t20-!2'» inmola 1), 
liyporkahaemia (to 5-7 mmole/I), b^ pocalcaoinia (1 5-2 rnniola'l). 
and liypcimagnesaeniia (1-1 5 inmola/1) 9’h(‘ chlorine t oncentra- 
tion in the blood decioases to 85-95 minola'l, while the roiucntra- 
tion of phosphorus increases to 2 d-5 mmola'l lha concentration 
of organic acids increases causing acidosis lha alkaline re'cno of 
blood diminishes Ilypopioteinacniia (00 g/1, or les. than 8 g%) and 
dysproteinaemia (caused l)^ inci eased content of huge protein 
fractions) aiise along ^ylth a considerably im leasing le%ol of un- 
bound nitrogen (57 nimole/1, oi 80 mglo) 

Derangement of vater oxciotion causes disturbances in the water 
metabolism due to intracolluiai or extiacollulnr h\ perh\ dration 
Intracellular liyperhydiation m chaiaHeri/ed b^ affections of the 
alimentary tiact and the ner^ous system (\oniiting, anorexia, head- 
ache, convulsions, and coma), wdiilc the extracellulai Inpcilnd- 

ratmn is attended with oedema and signs of cardio\ascuhrr insufli- 
ci©ncy 


The blood picture during the second stage of acute lenal failure 

mnrlfP^W a ^ P^^Sress of Inpochroniic anaemia with n 

markedly decreased eiytlirocyte count (to 1 x lO*' l-^ and less) 

and decreased haemoglobin (to 2 78-5 42 mmole/1, or 4-6 g»o) Leu- 

ZullZLu r "^Sni/icant to 15-30 x 10« l-^ wuh prefalcnce of 
neutrophils Leucocytosis develops m lesponse to the infectious 
lactor or progressive azotaemia 

IS acute renal failure (restoration of diuresis) 

characterized by a gradually increasing volume of daily diuresis 
Se excreted urine during this period can be large, and 

mfir ® f li sometimes called polyuiic But the spe- 

cific gravity of this urine remains low (1 010-1 012) and it contains 
great amounts of protein, erythrocytes, leucocytes, and bacteria 
ihe amount of excreted nitrogen is low (less than 1 g) Increased 
amounts of products of nitrogenous metabolism are sometimes found 
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IG b 00(1, which can ho ovpiained insiifficienl nitrogen e\cre- 
orviunchon of tlic KicImon'^ The glomeiular filtration is only restored 
unng the thud •'lage, while the tnbnlai liltiation leraains de- 
anged The elertrolvto inolabolK. disorders aie also significant Po- 
.'Jria (lan inxoKo h\ pohaliaoniia, In pomagnesaemia and dehydra- 
"bieh can came denlh Dining this ‘'tage of the disease the 
(Iren are flaccid, asthonir and diamalicallj inhibited Vomiting 
- copiom Delndiation causes wasting Coma is possible 

mg/io>ns 1 ho dingno‘'is of ntnte icnal failiiie is based on the 
‘^amnestic and clinical linding'i It is necossaiv to know Aidien oli- 
pria and annria dtw doped Laboiatorv evnminalions of the renal 
unctions are of gieal diagnostic impoitanco The analysis of blood 
‘Ud nnne (m addition to the general analysis) should also include 
deterniiiiation of the volume of circulating blood, haematocrit, 
le coocenlralion of the electrolytes (in the plasma, erythiocytes, 
'U the urine), endogenic creatinine cleaiance (in the blood and 
•’ino). ieab>-orption of watei, concentration of amine nitiogen, rest 
JVogen, total pioiein and its fractions, the Zimnitsky test should 
3 so be carried out Table 26 gives some normal indices in children 

2b Iiuticos of iNnrnial Renal Function in Children (according to 
^oltishclio\ el al , 1970) 


Ten 


Medium 


Arc 


Quantity 


^niino acid nit- 
rogon 

nitrogen 


Free b 


Total 


ammonia 

Piotoin 


Haematocrit 

Fotassiura 


Sodimn 

^^•^atinine 


;yaterreabsorp- 


Pl.isma 

Newborns 
Older children 

Plasma 

Ncwboins 
Older children 

Blood 

All ages 

Plasma 

Newborns 

Older children 

Blood 

Newborns 

Older children 

Plasma 

Newborns 

Older children 

Erythrocytes 

1-14 years 

Plasma 

All ages 

Plasma 

All ages 

Blood 

All ages 

All ages 


5 35-6 78 mraole/1 

3 21-5 35 mmole/l 
35 7-39 3 mmole/I 
14 3-28 6 mmole/l 
7 1-14 3x10-3 
46-69 g/1 

59-81 g/1 
0 42-0 54 
0 35-0 48 

4 5-6 5 mmole/l 
3 6-5 5 mmole/l 
93 6-115 8 mmole/l 
137-152 mmole/l 
354-106 pmole/l 

44 2-177 pmole/1 
97-99 per cent 


rei""! ""^ses it is not difficult to establish the cause acute 

failure because it develops next to aggression Wie difficulties 
cm ^ absence of anamnesis and if the child s there 

is The diagnosis becomes difficult to estab is ^ if ^ 

® combination of factors each of which can cause acute renal f 
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me indcpendonUv, while iiifoiin.itioii on the diild's roihi! fuiicUon 
prior to the onset of acute failure is ah^c'iil 

It IS veiy iinpoitanl to establish the rau^e of on‘-cl of m tile renal 
faiUire because fmthci condition of the child and propuoM^ larpeh 
depend on the tinielv taken correct measures I'oi example, if trans- 
fusion of incompatible blood is tiie pioxolane f.uloi, it is necessirx 
to carry out exchange tiansfusion as soon as po'-sible 

It IS often difliciilt to establish the muse of acute renal failure 
during the post-operatix c period It can ho due to disordered water- 
electrolyte metabolism, tiansfusion of inrompatible blood, non- 
replenislied blood loss, oi due to oxareibation of latent pre-opcralixo 
nephropathy Complications of the mam disease dmmir the post- 
operative peiiod (peritonitis, dynamic intestinal obstruclion, uiroer- 
cible vomiting, etc ) can also be the cause of .untc leiial failure 
In cases xxitli anuria catholoiiration of the ureters is indicated if 
tbeir occlusion is suspected Retrograde p\ el ograpbx .ind sf out pic- 
ture of urinary ducts should also he done Catholcri /at ion of the ui elcrs 
IS contraindicated if the cause of acute renal failure is known 

A thoroughly collected anamnesis facilitates differentiation be- 
tween acute renal failure and other forms of lenal insufficiencx in 
urological diseases The phxsician mav cncounlor xxith cases wiiere 
several factors can be diffeicntiatod and each of xxbich can cause 
acute renal failure Only timely and correct diagnosis can suggest 
the correct therapy in such cases 

The absence of oliguria makes the diagnosis of acute renal failure 
difficult For example, in cases with severe burns, diuicsis can 
remain almost normal, but it does not indicate the ab'^ence of renal 
insufficiency Loxv specific giavitj of the urine is an indication of 
developing acute renal failuie, xxbicb can bo timolx diagnosed b> 
measuring the daily diuiesis and determining rest nitrogen and the 
specific gravity of the mine Determining houilv diuresis i*^ also im- 
portant diagnostically If 20-40 ml of the urine are excreted x\ ithm 
an hour, shock kidney is absent 

It IS difficult to diagnose acute lenal failuie dexmloping lu the 
presence of latent nepliropatliy The disease is alw'ays exacerbated 
on exposure to cold, in infections, and faulty diet A coriectly col- 
lected anamnesis helps establish differential diagnosis Uiological 
and bacteriological examination of the urine, and urinalx’sis accord- 
ing to Addis-Kakovsky-Hamburger help diagnose chronic nepliro- 
patliy Renal failure in such children is especially acute and rapidly 
progressing Uraemia increases xvitbout decreasing diuresis, with 
symptoms of hypo- and isosthenuria Azotaemia increases sloxver 
than in acute renal failure The folloxving changes m the electiolytes 
are observed with the same azotaemia level in the presence of a 
chronic renal disease hypocalcaemia is more pronounced, the po- 
tassium content is slightly increased oi normal, liyponatiaemia, as- 
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sociated itli the lo'=s of great amounts of sodium, and also with inabil- 

itA of the kidnejs to substitute tlie hydrogen and ammonia ions for 

sodium, de^olops Anaemia de^elops in chronic lenal insufficiency 

faster than in acute failuic , 

Intemiie therapy. Tlicrapv of acute lenal failure should be complex 
and must include both lenal and oxtraienal methods of cleaiance 
Con<5ervatiNe therapy is indicated for oliguria (without auection o 
the central ner\ous '=:'\steni) The theiapy is usually aimed at e im 
mating the actiological and pathogenetic factors that piovo m ® 
renal 'failure The theiap> should be administered at tbe hist stage 

of the disease , 

The therapj begins ^\lth management of shock and liaemo jnam 

1C disorders and includes the follo%\ing , j i onri 

(a) replenishment of blood loss bv infusion of blood, plasma ana 

plasma substitutes, , Thp 

(b) using pressor amines, e g norepinephrine epineplinne Ihe 

preparations are administered for hj poteii^sion, bu 5 
culating blood volume is noimalized, the dose is m P ^ 
age, the preparations have a favoiiiable effec on rena hol- 

(c) vascular collapse should be ^ /?/__ nredms'olone, 

mones, e g hydrocortisone, in a dose of 3-5 mg/^g pcneciallv se- 
^~2 mg/kg, these doses can be increased 3-4 times P 

”(5) Sac glycosides should he given for circulatory disorders 

>lue to cardiac pathology XVercent solution m- 

(e) aminophylline-type preparations (2 a P antihistammics 

travenonsly, 1 ml per year of age). J^i^d oS 

should he administered lor disordered perip systolic and low 

associated with spasms of renal vessels, e g ^ , Dbalanges, etc , 
pulse pressure, cyanosis of the mucosa and te below 60 mm 

It IS desirable that the arterial pressure does not fall neiow 

If) anaesthesia is important m renal ^^^^^®^J°analgesics (e g 
traumas, prolonged compression „f „ 1 per cent solution 

promedol, omnopon) should he used (0 1 ml of a 1 per cen 

per year of age), , „„,cnT>iTicr during the- 

(g) antidotes should be administered P given to patients 

first stage of acute renal failure, umthiol si weight) 

Po^oned with salts of heavy metals ™ ^ failure should be- 
The therapy of the second stage of ac , g and correcting 
directed at eliminating the cause of /-lasma, acidosis, and 
fiaemostasis (azotaemia, hypotonia of the plasma, 
^'ater-electrolyte disbalance) c water-electrolyte- 

f The most important step is correc lo yyiagne'^ium, and chlo- 
“letabohsm The loss of potassium, sodiT^m- “ gn® erythrocytes, 
and also their concentrations m the plasma ana 
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should be thoioughly controlled It is also very important to con- 
trol the ratio between the uptaken water and watei lost from the 
body All water lost through the kidneys, the skin, the lungs, and 
the gastiomtestinal tract should be taken into consideration When 
the lost liquid is replenished, it is necessarv to maintain a slight 
hypohydration in the body Lack of water rapidly causes a 7 otaemia, 
while e\cess liquid results in hypeihydration The general rule is 
to giye the patient about the same amount of water that uas lost 
during the previous day 

The water balance should be contiolled by (a) daily weighing 
of the patient, (b) measuring uptaken and evcieted liquid, (c) deter- 
mining the haematocrit, haemoglobin concentration, the volume of 
circulating blood, and total protein 

If the patient is conscious and vomiting is absent, about 60-70 per 
cent of liquid is taken per os Otherwise liquid should be adminis- 
tered parenterally 

Correct diet of adequate caloric value (carbohydrates and fats) 
IS very important in the therapy of acute renal failure The diet should 
also include proteins, which should have high biological potency (egg 
protein) 

Anabolic hormones, e g methandrostenolon (nerobol), or reta- 
bolil should be administered to decrease catabolism 

If the child can eat, his diet should not contain foods rich in 
potassium (milk, fruits, raisins, lemon, oranges, juices, etc ) In th- 
presence of anuria potassium or sodium preparations should be abe 
solutely excluded Blood taken not later than two days ago should 
be transfused The danger of hyperkaliaemia increases in the pres- 
ence of hypocalcaemia and marked acidosis In hyperkaliaemia it is 
necessary to administer large volumes of hypertonic calcium chlo- 
ride and calcium gluconate solutions, and also hypertonic glucose 
solution with insulin, which promotes formation of glycogen with 
consumption of potassium Extracellular potassium thus passes into 
the intracellular one 

2 Acidosis should be controlled by administering a 4 per cent so- 
dium bicarbonate solution (the dose depending on the acid-base 
balance) 

3 Diuretics are indicated to increase diuresis in the second stage 
of acute renal failure The best effect is attained with the saluretic 
furosemide (lasix), which should be administered in a dose of 3-5 mg 
per kg body weight a day Good results are attained with the osmot- 
ic diuietic mannitol, which is indicated for oedema In the absence 
of oedema mannitol can only be administered after transfusion of 
at least 100-150 ml of liquid A 15-30 per cent mannitol solution 
IS used for the purpose 

4 Bacterial flora activates, if the body reactivity decreases 
Antibiotics should therefore be administered in acute renal failure 
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0 suppress bacleiial flora It should however he remembered that 
antibiotics have nepliro- or hepatotoxic properties Antibiotics of the 
penicillin series should therefore he preferred The doses can be 
(to 300 000-500 000 units per kg body weight) Nystatin is 
obligatory for use 

Daily control of the electrolyte level, diuresis, total protein, 
aematocrit, haemoglobin, rest nitrogen, urea, blood creatinine, 
ond acid-base balance is used to assess efficacy of the therapy admin- 
istered If the therapy is effective in the oliguria stage, develop- 
nient of severe renal failure can be prevented If the therapy fails to 

give the desired effect, clearance should be ensured by evtrarenal 
means 


During the third stage of acute renal failure (restoration of diure- 
sis) It is necessary to ensure the administration of large volumes of 
ifiuid, since otherwise the patient may develop significant dehydra- 
■iion and die 

1 The most important item is correction of water-electrolyte 
metabolism (control of hypokaliaemia and hyponatraemia) The 
amount of potassium and sodium to he administered should be 
culated with reference to the volume of the extracellular space 
the amount of the extracellular fluid is on the average 20 per cent of 
the body weight (this figure is significantly greater m infants) For 
the potassium content of blood plasma in a 10-year-old 
cbiid weighing 30 kg is 3 mmole/1 The amount of the extracellular 
^‘«id in the child IS 


= 6 litres 


100 


The potassium deficit is 50 — 30 = 20 mmole/1 One mmole/1 
potassium is contained in 1 ml of a 7 5 per cent potassiurn clilori e 
solution (1 mmole/1 K = 74 5 mg KCl) In our case the child should 
administered 12 ml of a 7 5 per cent potassium chloride solution 
potassium should be administered slowly by drip infusion of a solii- 
on of glucose with insulin in the concentration of 0 2-0 3 per cent 
he needed amount of sodium should be deterinined in a simi ar 
should only be remembered that 1 mmole of Na is equiva 
to 59 mg of NaHCOg When replenishing Die so- 

riru!^ It is not recommended to use only the isotonic so lum 
+, solution because much chlorine is administered wi , 

a, while the kidneys are incapable of managing „ 

The water-electrolyte metabolism should be corrected witli con 
ant biochemical control of the blood ,Ti,otnfjnn of 

[, diuresis is re-established, parenteral adm . i ^er 

;;5yd should be gradually decreased, while the hquid inUhe^^P^^^^ 
g ^^^Id be increased Fruits and juices should be gi 

^aiounts 
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;{b) oedema of the lungs or the brain, (c) hyperkaliaemia (above 
7 mmole/1), (d) increased urea content (over 5 mmole/1), (e) decreased 
alkaline reserve (below 12 mmole/1 COg), (f) psychic disorders, (g) 
uraemic coma. 

Contraindications for haemodialysis are (a) disordered cerebral 
mrculation, and (h) acute myocarditis 

In acute renal failure haemodialysis should be used only in cases 
^ihere other measures proved ineffective Extracorporeal haemodia- 
l3'Sis can be conducted lepeatedlj'^ at 1-3 day intervals 


Chapter 28 

Intensive Therapy 
of Acute Hepatic Insufficiency 

Acute hepatic insufficiency is a rapidly progressing severe con 
dition with pronounced impairment of all hepatic functions and acute 
oecrosis of the liver cells (hepatocytes) characterized by some spe- 
cific symptoms , 

Aeiiofogy The causes of acute hepatic insufficiency are qui e va 
iney are divided into six major groups tn- 

1 Acute and chronic hepatitis, cirrhosis, alveococcosis, and 

-uiours of the liver (both primary and metastatic) nrrlusion 

2 Upset intrahepatic blood circulation associated wi 

^ hver veins (Budd-Chiari syndrome) phnlestasis 

b)iseases aggravated by developing extraliep 
.cholelithiasis, tumour of the common hepatic or ! 

tumour or stenosis of the duodenal (Voter’s) ^"Xctmns 

^j®Jt^itis with obturation of the common bile duct, 

ofth of other organs and systems, such Yiforders,'^cSdS- 

^ the connective tissue (collagen disease), endocrin 
ascular and infectious diseases , nhosuhorus, 

Carh with hepatotoxic some^plants and 

^rbon tetrachloride, lead, chloroform, halothane, some p 

. ^shrooms, intolerance of medicines and other trau- 

uiao ^®^^ous injuries, such as burns, vast op loss, severe 

-g, ® formation of large wounds, massi septic abor- 

complications, blood transfusion, and also septic 

the causes of acute hepatic ^^®^^^^^i^^gjjatitis (m about 
role IS indisputably attributed to viral hepatitis ( 

P®r cent of cases) ^ u^-notir failure always 

The pathogenesis of acute fi^P +ggy to organelles 
spends on the affection of cell microstructures— hepa y 
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Subcomatose condition or coma Complete ali=onro of conscioiisric«'S Ustiallv ahcenl Pro'enl 

Reaction to pain nia> be pio'-enl or (miMiil.ir atonia) 
absent, depending on depth of lonin 
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Damage to ribosomes and endoplasmatic network upsets the 
protein synthesis Mitochondrial affection involves disturbances in 
foe processes occurring with energy consumption, in the fiist instance- 
catabolism and synthesis of neutral fats, phospholipids Many 
biochemical reactions, hy which toxic metabolites are detoxicated, 
occur in the oiganelles The main pathogenetic mechanisms in de- 
velopment of acute hepatic failure, which are responsible foi the 
varied clinical manifestations, are distuibances in protein synthesis 
and gradually increasing lexml of active endogenic toxins m the blood 
Dor example the prime cause of haemorrhagic sjmdrome is upset 
synthesis of II, V, VII, and X blood coagulation factors, which are 
synthesized exclusively by the liver cells 
Gradual accumulation of free ammonia in the blood causes meta- 
ohc alkalosis and hence hy^pokaliaemia and hyponatraemia Pe- 
netration of ammonia through the blood-biain harrier is much fa- 
nrlitaled m alkalosis This causes nervous and psychic disorders 
(np to coma) 

Chnical picture and diagnosis The characteristic clinical symptoms 
nre dyspepsia (nausea, vomiting, anorexia), increasing haemorrhagic 
syndrome (petechiae, nasal and gum bleeding), icteric skin and 
sclera, decreased tissue turgor, and specific hepatic breath Splenomeg- 
ascites, nervous and psychic disturbances are not infrequent 
sycliic and neivous disorders are so characteristic of hepatic in- 
efficiency that the latter was classified in accordance with seventy 
^ nnd nervous disturbances (see Tables 27 and ; 

The comparison of seventy of hepatic insufficiency vuth biochem- 
ical changes occurring in this pathology is given in 
intensive therapy The therapy of hepatic coma in children 
'‘Mra the following 

Gallic 28 Hepatic Function in Children 


in- 


Degree I (mild) 


Degree 1 1 (medium) 
gravity) 


Degree III (so\ere) 


Liver 


Satisfactory 

Ordinary 


Medium gravity 
Icteric sclera 


skin and 


Normal Increased by 

1-2 cm, painless 

21-26 mmole/l 26-36 

3 1-3 4 mmole/l 2 6-3 1 mmole/I 

4- 8 g/1 3-4 g/1 

65-68 g/1 60-65 g/I 

5- 10 plr cent 10-20 per cent 


1 10-1 30 


0 90-1 10 


Severe 
Icteric 
mucosa 

Increased bv more- 
than 2 cm, tender 
36 mmole/l 
Less than 
2 6 roroole/1 
Less than 3 g/I 
Less than 60 g/1 
More than 20 per 
cent 
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1 Complolc abstention from piolein intake, le^^truted intake of 
■salt m the presence of oedema oi ascites, and loinplele Mi'-peji^-ion 
of methionine and choline adinini‘'tralion in (onnection with IukIi 
ozotaemia 

2 Parenteral nutrition Ilypci tonic glnco-ie ‘-oliilion^' ‘•iiould 
he admimsteied intra\enoiish 'V 10 or 20 per <<nl kIuco'-o ‘•oln- 
tionshould be used (120-150 ml per kg i)od\ Nseight) Inculiri (1 unit 
pel 1 g of dry glucose) should bo added to glucose 

3 Intravenous adminisliation of glutamic acid (calcium oi mag- 
nesium glutamate) A 10 per cent ‘solution is u=od in a do^'O from 2 
to 10 ml, daily or every othoi da> , in a conr^'C of 20 injectioii^- A 
10 per cent calcium chlonde is also administered m <i do^'C of 1 ml 
per year of child age 

4 In order to deciease protein absoiption in the inte‘-tino, laxa- 
tives should be used, e g magnesium sulphate Antibiotics of broad- 
spectrum (neomycin, monomycin, and others) are gi\cn for the 
^ame purpose 

5 Corticosteroids should be administered mtia\cnously oi in- 
tramuscularly in large doses Their effect is based on the anli-in- 
flammatory and anti-allorgic properties, and also on llioir ability 
to decrease the formation of fibrous tissue and intraliepalic choles- 
tasis Prednisolone is the most effective preparation Its doses should 
be increased significantly (to 10 mg/kg) in coma 

6 Frequent inhalations of oxygen (and also its administration 
per os) prevent hypoxia and improve oxygenation Enteral adminis- 
-tration of oxygen should be ensured through a gastric tube Hy- 
perbaric oxygenation is also effective Arlerio\enoiis shunting 
is now used To that end, the portal vein of the li\or is cathetcrized 
through the umbilical vein, with subsequent communication 
of the portal vein with the radial artery (through a polythene 
catheter) 

7 A better withdrawal of rest nitiogen is attained through (a) 
•exchange blood transfusion, (b) cross circulation with a donor, (c) 
■cross circulation with hog liver But a stable impio\emcnt can 
•only be attained with frequent repetition of the procedure during 
several days till the own hepatic function of the patient is normal- 
ized The efficacy of the last method (c) is however disputable The 
■effect of animal liver on the child’s liver during extracorporeal 
circulation of blood should be further studied in more detail 

8 Haemodialysis and haemoperfusion should be used in severe 
hepatic failure 

9 Drainage of the thoracic lymph duct is effective 

A world wide search for efficacious pathogenetic and symptomatic 
methods of treating hepatic insufficiency is now bein°'' undertaken 
But only a thorough study of their effect on the child’s liver can 
prove their actual efficacy 
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llopntic in^ufficioncj. (other than coma) can also he treated hy the 
follow ms: complex llieiapc 

1 Suffirienllj c^nionc diet (1800-2000 kcal/day) fasting inten- 
sifies cntaholi-^ni. which increases in children w'llh hepatic insuf- 
ficientw Catabolic proro'^'^cs arc depressed hy anabolic hormones 
guen in a dose from 2 to 5 mg a day The diet should he rich in 
protein and c.irhohvdratos with restricted (or fully absent) fats But 
some author': doubt if it is actualh necessary to restiict or exclude 
fats from the diet. In their opinion the amounts of proteins, fats and 
carbohvdralc'' in the diet should relate as 1 1 5 
~ Admini'-tration of \itamins, especially vitamins B, and also 
Mtaniins C, A and K in laige quantities Vitamins Bjo and Bjg (in 
do'JG'j calculated with respect to age) are indicated Vitamin Bjo 
has lipotropic properl ic*: Vitamin Bjg is indicated for its effective 
protection of the In or when it is exposed to various noxious factors, 
G'^pociallj hxpoxic and toxic ones Vitamin Bjg has also lipotropic 
end detoxicating properties and improves utilization of oxygen 
^ Blood and plasma transfusions Blood taken not later than 
2 da}*" ago ‘:hould preferably he transfused Glucose is also impor- 
tani Its parontora! administration intensifies glycogenization of 
the lucr MoreoNCr, glucose donates glucuronic acid, which is nec- 
cstiary for normal detoxicating function of the 
, 4 Adnunistrnlion of lipotropic substances capable of protecting 
tfie Inor from fat degeneration They pre\ent deposition ot tat 
the li\or by phosphorylation These substances include cioine, 
methionine, Iipocaino, choline chloride, etc The course o rea 
«ent with lipotropic substances should not last more than 12-14 days 
The doses depend on age Choline chloride is given in a dose oi 1-2 g 
f tlay, this dose protects the liver of the child from some fats and in- 
hibits development of cirrhosis The preparation is admimstered 
slowly into the vein in 200 ml of a 5 per cent 
or isotonic solution (The rate of infusion should 
^rops per minute ) If the dose is insufficient, oi if I'b® 

IS administered with intervals, necrotic foci can 

5 Administration of glutamic acid and groups m its 

of glutathione is explained by the presence of ^'be SH groups 
molecule, which promote detoxication processes g^^nt^lliione 

ministered daily, into the vein, ® alLmin solution, 

0 Intravenous administration of a 20 per oo^ , should 

blood, plasma, and protein hydrolysate Thes p ^ 
be administered for hypoproleinaemia, which o® , JP -j^ounts of 
bopatio insufficiency and m the presence of prevailing amounts 

Tintravrtaoular or intrainleslwal the Sn 

hypoxia This increases PO, of the portal blood and tlie oxyg 

^^•“01222 
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consumption m tlie liver Hyperbaric oxygenation seems to be the' 
most effective means to control liver liypoxia 

8 Therapy with preparations made of fresh liver extracts (syie- 
par, campolon, liepalon, etc ) These preparations are free from pro- 
tein and contain active substances of healthy liver 

9 Obligatory use of corticosteroids The administration of pred- 
nisolone should be begun with 10-15 mg the dose being then increased 
to 80-100 mg daily Maintenance doses of prednisolone (5-10 mg) 
can be given for several months Prolonged courses of corticosteroids 
should be combined with administration of potassium and in some- 
cases anabolic hormones (neiobol, dianabol) and other preparations 
improving metabolic processes in the liver and promoting synthesis 
of proteins 

Intraportal infusion of solutions has been used in recent years The 
portal vein is catheteiized by bougienage of the umbilical vein This 
method is believed to be more effective than intravenous administra- 
tion, it rivals the efficacy of intra-arterial infusions 

10 Maintenance of metabolic processes during operative inter- 
vention is necessary to prevent hepatic insufficiency during the post- 
operative period Local hypothermia of the liver (34-32°C) with si- 
multaneous decrease of the rectal temperature to 34°G can be used to 
ensure effective protection of the liver and to increase its resistance 
to hypoxia and other injurious effect During surface hypothermia of 
the liver the metabolic rates are decreased and the activity of the- 
serum enzymes increases 


Chapter 29 

Intensive Therapy 
of Acute Exogenous Intoxication 

Acute exogenous intoxication (poisoning) stands at the top of 
list of emergencies in children The abundance of domestic chemicals, 
strong medicines, and also improper and faulty use of other medic- 
inal preparations have resulted in an abrupt rise in the incidence of 
poisoning The specific behaviour of a child, which is characterized 
by high activity, curiosity, the desire to taste unknown substances, a 
relatively large gulp (1 ml per kg body weight, which is larger than 
in adults), arrogance of many parents, and improper storage of med- 
icines and chemical poisons have increased the danger of poisoning" 
in children Statistic evidence shows that lethal outcomes fiom acute 
poisoning in children in developed countries greatly exceed the- 
mortality late from all infectious diseases taken together 

Poisoning IS an important item of health education of parents and. 
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mcdital woiUor^ It i'' iiilprcsimg to note tliat poisoning occuis inoie 
frequpiitlv among moro nctne clnldicn, ^^lllch take interest in the 
'•iirroiuuhng'' And it '■iioiild also he icnicinheied that it is niucli eas- 
ier to proxont poi<-oiHng than to treat it A paediatrist siionld tJiere- 
foie ho al\sa\s a\\are of pn^Mhle poisoning Poisoning is highly proh- 
alde in duldien emcigencics of iinknoiMi aetiology, especialJy in 
ca«ps Mj til ‘■igns of affection'' of the central nervous system 
Aclwlogi! and cpideiniology Tlie causes of acute poisoning in ^ “ 
len are quite \ancd Thej depend on age, the season of the year, 
le-'idence and niaiu othei factor'' Poi'^oning of neona es 
hng'' often depemN on poi''Oning of then mothers v. lo ^ , 

’"uh'-lancev oi medicine'- Exogenou'' intoxication can be 

intake of pomoned inotliei milk Infants ageing un y 
poisoned due to oxoido'^age of medicines Insti , ducts is 

nniler the conjunctiia or during iriigation of le 
an example of '-pecihc poisoning mpdicrnes or 

I’lhan childien uonld usually bo poisone _p^c; are usually 

donie'-tic toxic '•ub^tanccs, while children of ru and 

nffeclcd uith plant poi'^ons such Of » 

the like The incidence of poisoning depends " ^ cliil- 

>l IS impossible to mention all 250^ different medicinal, 

‘imi. Itminloic'^ling to note that more than 25U diue^ 

plant and clicmical sub'^tanccs stand in th Centre of the 

mg m children compiled at the Children s T 

Moscow Medical Instilule nrtion of poison is 

Pathogenesis The mcclianism of patho g intake and 

'anod loo and depends on llie W® P” .pjej, poison acts on the 
ho child s condition Tno mam xonlcs, ,aled with ab- 

Iwdy, arc dislinginsliod, vir , local and general, associatea 

mrpiion of poison into the blood enh^^tances such as ben- 

When ingested, medicines and corro oropharynx, oesopha- 

'^.nc, acids, ®o. alhalis barn the mneosa ’ eye con- 

8us, stomach, and the intestine Whe p Gaseous substances 

junctiva, the skin and mucosa, the respiratory mucosa and 

(caihon monoxide, benzine vapour) affect the respira 

cause pneumonia with passage of poison 

The general rcsorptive effect ^ ^ the vital bodily func- 

mto the blood, thus causing harmful ell ^qjsoh penetrates the 

J-ions irrespective of the route the gastric mucosa But 

^^ody As a rule, poison is absorbed ^ug e mucosa 

poison resorption is also possible niercury poisoning of 

^nd the skin Cases were reported of mercury oint- 

cliildren who were treated by loca ‘P,P ,gj.y severe Cases ivere 
ments Poisoning ivith aniline dyes ar tact with anilme-pnnted 

mported wdiere children were poisoned by contact 
laundiy labels 
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Depending on llieir propeilios, toxic ‘substances undergo compli- 
cated conversions in the child’s body, tliey aie partly hvdrolyssed 
and bound with various components of biological fluids, ^uch a'' 
proteins of plasma or fats The poison first circulates with the blood 
to disturb the enzyme processes and alter the action of the mediat- 
ing systems, and is then carried to various ti^^siios But the action 
of poison is not restricted to its local and general effect on the child 
Poisons often cause reflex reactions to pain (if the poison is a 
corrosive substance), to irritation of the mucosa of tlie stomach, etc 
Toxic agents can thus cause severe dysfunctions irrespective of the 
route of their ingress A local effect, for example, burn of mucosa of 
the oesophagus and stomach with necrosis of tissues and perfora- 
tion of the stomach wall, is very dangerous in itself, but it also in- 
volves the resorptive action of poison Sometimes poisoning with 
medicines or mushrooms has the most dangerous effect on the car- 
diovascular system, the liver and other organs Poisonous agents 
disturb enzymatic systems and interfere with all spheres of metab- 
olism and homeostasis, but they can also cause an indirect effect 
on the function of the central nervous system, circulation of blood 
and respiration. 


Clinical picture The clinical course of acute poisoning depends on 
the aetiological factors and is therefore quite varied But in most 
cases it IS characterized by general and specific symptoms The general 
clinical signs of poisoning in a child are usually manifested by chanf’^es 
in the central nervous system flaccidity, adynamia, disordered 
coorciination of movements, depression, monotonous and scanning 
speech, and staggering gait The skin and tendon refie.xes are in- 
tensified or depressed As intoxication progresses, motor and psvchic 
anxiety hallucinations or, on the contrary, depression of conscious- 
ness and comatose condition develop 
Respiration is disordered to acute respiratory insufficiency with 
retraction of yielding sites of the chest, involvement of the accessory 
muscles, upset respiratoy rhythm, development of pathological 
respiration and apnoea All these changes can be caused bv the effect 
of poison on the respiratory centre and the neuromuscular transmis- 
sion, or enzymatic processes Hypoxia is no less dangerous It can 
be due to derangement of the respiratory function of the blood 
Normal respiration is often disturbed by aspiration of the vomitus 
Urculatory disorders are usually manifested by changes m the 
ear ra e and arrhythmia, dullness of heart sounds, decreased arte- 
na pressure, metabolic and hypoxic changes in the myocardium 
pSy’ symptoms is sometimes called the ‘toxic myocardio- 


disorders are common for most poisoning cases 
abdominal pain, nausea, vomiting, intestinal 
paresis, or frequent liquid stools Dysfunction of the kidneys and 
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liver IS common for sexeie poisoning The functional changes later 
conxert into organic 

Specific sjmploms of poisoning are characteristic for certain 
cases of poisoning In sex'cre poisoning these develop in the pres- 
ence of general changes in childien Below given are the specific 
sjniploms fieqnenlly occuiiing in poisoned children 

1 The ‘-pecific smell suggests poisoning with kerosene, benzine, 
or alcohol 

2 Burnt skin and mouth mucosa in cases with ingestion of acids, 


alkalis, unslakcd lime or potassium peimanganate 

3 Cvano‘51‘5 in poi'-oning vith aniline, nitrobenzene, saltpetre, 
and '-'odium nitrate 

4 Skin haemorrhage in poisoning with heparine, phenyline, 
honzene. xylene, or ‘^alleviates 

5 Ilacmaturia in poi'^oning vilh acetic acid, iodine or potassium 
chlorate 

0 Convul‘=ion‘; in poisoning xxilh adrenaline, aminazine, their 
analogue^, analgin hutadione, cardiac glycosides, or strychnine 

7 Dilatation of the pupils in poisoning with atropine, codeine, 

helladonna, tnoxa/ino, or henbane i, * 

8 Contraction of the pupils in poisoning xvith aminazine, barbitu- 

ratev and pilocarpine , , , 

0 Ilvpcihidrosis in poisoning vilh salicylates or pilocapine 
10 Elevated body temperature in poisoning with antibiotics, 

‘'‘''licjiatcs and ‘Julplia drugs 

Diagtwsn Identification of exogenous intoxications in children is 
based on ‘^omc factors, such as clinical picture (genera , P , 
'^Jniptoms), ananine':!':, toxicological situation an 
methods of identification of poison in the chiid nnvtirular 

Anamnesis is very nnpoitant for identification P 

poison The parents and other odul^, overanxiou . anam- 

dent, can give incoriect information The process o what 

nesis should therefore be planned It is , msested by 

medicines or domestic poisonous substances g , symptoms 
tbe child, xvhat was the child’s food, if there are similar 
m other children at school, ^kindergarten, or the fam d 

changes occurred in the child’s i^necessary to find out if 

mess, vomiting, loss of consciousness) “ i® etc In ad- 

the child drank some unknown hqiud aluTshouVd 'be Isked the 
dition to these special questions, the ^ toler- 

general anamnestic questions about diseases of the past 

ance of medicines should be obtained 

Information about the xi was present dur- 

Tliis includes inspection of the site ''’Imr , ampoules or other 

mg po'^sible ingestion of poison, , rpuinants and also search 

containers for medicines and their possible remnants, an 
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for traces of solutions of (lomo‘<hc poi'^oii'. fai ul*-. ,i!Kah^. uK ,) 
Biochemical identification of poivon‘^ inclii lc‘- qu.iln.il i%»‘ .mil 
quantitative clcterminatiou of \arioU'- uiedicmov or otiior (lu'mM.il 
substances in the blood, urine, or other hioloqu.il niiuN of llie 
victim These evaininations should be larned mil .il Npet i.il iiim herri- 
ical and toxicological labor.ilonc*' 

Intensive theiapi! Il may appear to ''onicoue Ihnl it i'' not nei (•‘'‘•.ir\ 
to apply ‘intensive’ therapy lo all ca‘.e^ of acute poisoninir m clnl- 
dren But it should bo remembered that e\en in mild < the cliild 
condition may worsen siiddenK vith nu'reasing ■'igii'. of into\iration 
Therefore, children with mild poisoning, or oven onh sii'^pe. led for 
poisoning, need intensive therapy and laic The main method'' of 
intensive therapj of children with acute poi‘-oning ,ire a'- follov" 
withdrawal of the child from the enclosure vhere the [)oi‘'on tan 
still remain, removal of the poison nol ahsorhed in the blood of the 
victim, and elimination of the poison from the blood fdotovn ,iling 
therapy, antidote therapy correction and maintenance of the Mtal 
body functions) 

Withdiawal of the child from an cnclosmc or the site it here his ci- 
posure to the poison may continue Tlii‘- first of all concerns o\ at na- 
tion of the child from enclosures vhoro he is exposed to carbon mo- 
noxide, as in fire This also concoins the tn<?es whore solutions of 
corrosiye substances, aniline d>es, ole , get on the child’s clothes 
The child should in such cases be stripped off Ins clot lies and Ins 
skin should be washed 

Removal of poison, which has not yet absorbed in the blood Tins 
should be done as follows If liquid oi powder containing poisonon‘' 
substances gets on the skin, it should be washed with warm water 
and soap The eye mucosa and the conjunctiva should be irrigated 
with tepid ivater from a syringe or a rubber bulb \ 1 pei cent no- 
vocaine solution wuth adrenaline can then be instilled into the 
conjunctival sac The mouth and nasophart ngcal nnico'^a should 
also 'be rinsed wuth ivarm water, if the child is conscious If the 
victim is unconscious, his mucosa should be treated wuth a moist 
gauze ball Intranasal novocaine block and inhalation of no\ocaine, 
suprastin and hydrocortisone should then be adininislered 

If the poison was ingested, gastric lavage is obligator}, The stom- 
ach should be irrigated as soon as possible, at any stage of treat- 
ment Previous vomiting or eating are not contraindications for 
gastric lavage Irrigations should be peiformed through a gastric 
tube The trachea of neonates and infants, and also of unconscious 
victims, should be intubated before gastric lavage Drinking water 
(35-36°C) should be used for irrigation Irrigation should be contin- 
ued till the washings are clear Volumes of liquid that can be 
administered at a time are given in Table 29 It is useful to add a 
tablespoonful of common salt per litre of w ater This solution causes 
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"'Ith corrosne sub^tLoof r?';i .* m “"framdicated m poisoning 

of veffptalilnc 1 ^ child IS poisoned by larffe masses 

slioiild be ropeTledTt^^^n^ tablets, the irrigation of the stomach 
wc repeated at zO-30 minute intervals 


Sgatmn slomach Administration 


During 


Age 

Volume, ml 

Age 

Volume, ml 

Neonate 

1 m 

3-4 m 

5-6 m 

7-8 m 

9-12 m 

15-20 

2-3 y 

200-250 

40-50 

4-5 j 

300-350 

GO-90 

6-7 y 

350-400 

100-110 

8-11 y 

400-450 

110-120 

150-200 

12-15 y 

450-500 


Laxa^^^^^^ poisons should be removed from the intestine in all cases 
elm cleansing enemas are used for the purpose Vas- 

, 01 glycerol (2-3 g/kg) are used as laxatives in poisoning 

corrosive substances 

den poison from the blood is performed by various methods 

pending on the degree of intoxication Forced diuresis is used in 
fi^uid IS taken per os (water load) and intravenously 
th ^ liourlj'^ volumes of liquids administered depend on 

e degree of exogenous intoxication 
h a with mild intoxication (the child is conscious) the 

?uid IS administered in a dose of 3-5 ml per kg body xveigbt per 
our, the rate of infusion can be increased to 6-7 ml/kg per hour 
^ In severe cases the rate .of liquid administration is 5-7 ml/kg 
j ^oor, and it increases gradually (within 2-3 hours) to 12-15 ml/kg, 

IS normal and the cardiovascular function is not impaired, 
ue late of administration should in two hours be increased to 
ml/kg pei hour 

o Water is given to drink in slight poisoning Older children 
given tea or other drinks in volumes specified in item 1 Neo- 
uates and infants should be given solutions through a gastric tube 
\ ^ed to the skin of the face) 

u Forced diuresis is induced intravenously in children with 
oiedium gravity and severe poisoning, peripheral or central veins 
ure used for the purpose 

5 The composition of solutions administered xmries depending 
tlxe child’s condition The simplest composition is 5 per cent 
giucose (Vg of the total volume). Ringer’s solution (V 4 of the total 
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volume), and isotonic sodium chloride solution (V, of the total vol- 
ume) In order to shift the condition to the alkalosis side, it is lecom- 
mended to add 4 per cent of sodium bicarbonate solution (10 per cent 
of the total administered volume), haemodes (20-40 ml/kg a day), 
5-15 per cent albumin solution (10-20 ml/kg a day), and rheopohgluc- 
in These substances are added at the expense of decreasing amount 
of the Ringer solution and the isotonic sodium chloride solution 

6 The child’s condition is controlled during forced diuresis by 
determining the quantity of the urine excreted, the haemoglobin 
concentration, the haematocrit, the central venous pressure, the 
electrolyte balance, and the acid-base balance If the amount of 
liquid excreted by the child within an hour is less than 75 pei cent 
of the administered liquid, diuretics (lasix, mannitol, urea) should 
be administered 

7 The duration of forced diuresis depends on its efficacv If 
intoxication decreases, the amount of the administered liquid should 
be decreased If forced diuresis fails to give appreciable effect vithin 
1-2 days and the child remains in the state of coma without posi- 
tive changes in his condition, more effective detoxication measures 
should be taken replacement transfusion of blood, haemoperfusion, 
peritoneal dialysis, and haemodialysis 

Hyperbaric oxygenation can only conventionally be considered 
as a means promoting withdrawal of poison from the blood The 
mechanism of decreasing toxic effect of poison by hyperbaiic oxy- 
genation IS probably explained by intensified oxidation processes 
and accelerated hydrolysis of toxic substances Our experience 
shows that hyperbaric oxygenation is a pathogenetic method of treat- 
ing children poisoned with carbon monoxide This method is 
also very effective in poisoning with some other substances, e g 
nitrites 

Antidote therapy The principle of the antidote therapy is based 
on the adsorption of toxic substances on the substances "known as 
antidotes, by which non-toxic complexes are formed, oi the anti- 
dote may act as an antagonist to the poison Sometimes antidotes 
act as physiological antagonists and substances, which compete 
with poisons for the receptors Table 30 gives antidotes to common 
poisons, by which children are affected most frequently 

Correction of vital functions The correction of the vital functions, 
such as the function of the central nervous and cardiovasculai sys- 
tems, respiratory, hepatic, and renal functions, does not differ in 
principle from their correction and maintenance in other diseases 
It should be remembered that there is a danger of aspiration of 
vomitus, of shifts in the water-salt metabolism, and othei meta- 
bolic disorders 

Exogenous poisoning in children often occurs in the presence of 
respiratory, viral, and other diseases In addition to the specific 
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Table 30 \nUdote5 b^otl in Poitoning of Children 


Pol'-on Antidote 


Htdrocj.mic acid 

Htdrogen cxanide, organic jdio'^pho- 
nis compounds 

\celjlchohne. carboclioline, rardiiir 
gijcosides, pilocarpine, organa plios- 
pbonis compounds 
Barbiturates 
Iron preparations 

Salts of heavy metals 
\rsoiiic, lead, morcur\ 

Heparin 

Methjl alcohol, elhjleno ghcol, bu- 
^n-phenolic adhesive 
Cardiac glycosides 


Vinyl nitiile, 1-2 drops on cottoni 
wool to inhale 
Aminophcnol, 3 rag/bg 


Atiopine, 1 mg, lepeated administra- 
tions till signs of atiopinizalion are 
obvious 

Ilemcgridc, 3-5 mg/Kg 
Dcferovainin, 15 mg/bg per hi Daily 
dose, 80 mg/Kg , „ 

Dimcrcaprol (unilhiol), 3 mg/Jeg 
Sodium thiosulphate, 30% sin, 
25 mg/bg 

Protamine sulphate, 1 mg neutializes 

I mg of heparin 

Lthyl alcohol, 5% sin, 1 ml/bg 

Panangm, 0 15-0 3 mg/kg 


Ireatment, those palionls sliould also receive treatment for the 
Concurrent diseases Vitamins arc indicated for most cases of poi- 
soning in children 


Intensive Therapy of Children 
Bit by Venomous Animals and Insects 

Bites of venomous animals and insects can cause severe exogenous 

intoxication , i 

Snake biles. Venom of the snake can cause local and genera 
eflect on the child Children in geneial react more severely to snal e 
hHes than adults because the relative dose of the venom m t em is 
greater (6 mg/kg) As a rule, the child feels a stiong pain at fBe si 
of bite Hyperaemia can appear at the site This is ° 

Jiosis, oedema of soft tissues and p manifest 

progresses, the general symptoms of poisoning , uressure 

nausea, vomiting, tliiist, tachycardia, fall 

confused consciousness, delirium, and pyrexia ‘ course of 

f OXV Haemorrhage at the spot of ^ite spreads 
the vessels to reach the internal organs muscler to 

simultaneously It ends in paralysis of the skeletal m 

j aid The part of the skin bitten by gfpresserfrom'um 

y he seized firmly into a fold and the v jj^outh If a resusci- 
The venom can also be sucked off by the moutli 
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■tator has wounds m liis mouth, he should abstain from this measure 
If more than ten minutes have passed after the accidenl suction 
IS useless, because the venom has already absorbed in llie blood 
The bitten extremity should then be immobilized, because the snake 
venom is carried with lymph, while the lymph flow is slow in an 
immobile extremity The child should be soothed he should be 
given sedatives, analgesics and much wmrm watei to drink The 
<ihild should be transported m the lying position 

Placing tourniquets or burning the bitten site is harmful because 
these manipulations wull add harm to the tissues of the extremity 
and impair the child’s condition, wdiile absorption of the venom will 
not be prevented 

Intensive therapy should be aimed at neutralizing the Ncnom, with- 
drawung it from the body, and maintaining the bodily Mtal func- 
tions The Soviet preparation Anti-gyurza (fiom the name ‘gjurza’, 
the venomous snake inliabiting the Soviet Central Asia) is used in 
a dose of 500-1000 (AU) (antitoxic units) for mild degree of intox- 
ication, 1500 AU for medium, and 2000-2500 AU for severe in- 
toxication The serum is administered subcutaneouslv or intra- 
muscularly The first dose is 0 1 ml, the second dose is injected in 
10 minutes (0 25 ml) In the absence of effect, the rest should be 
injected Forced diuresis wuth alkalization of the plasma should be 
provoked simultaneously The administered solutions should con- 
tain sufficient amounts of vitamins Bj, Be, B, 2 , vikasol ascorbic 
acid, and hormones Procaine hydrochloride block (immediately 
after the bite) or paranephric block are very useful 

In addition to the mentioned treatment, the child should also 
be given intensive therapy aimed at correcting and maintaining 
the vital functions 

Insect bites Bites of spiders, latrodectus, tarantulas, and scor- 
pions are especially dangerous Their venom spreads by the lymph 
system, passing the blood-brain barrier and affecting the central 
nervous system to disturb the dynamics and rheology of the blood 
'Circulation 

The child feels strong pain at the bitten site, which quickly spreads 
over the entire body Headache, dizziness, nausea, and asphyxia 
-develop As the intoxication progresses, cyanosis, tachycardia and 
arrhythmia occur This type of poisoning is characterized by dila- 
tation of the pupils and hypersalivation 

Intensive therapy includes immobilization of the child and ap- 
plying cold to the bitten site Special serum (antilatrodectus) is 
administered intramuscularly and in severe cases intravenously 
(20-50 ml) Hormones, antihistaminics and vitamins are also given 
Infusion therapy and correction of circulatory and respiiatory func- 
"tion should also be done 
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Chapter 30 

Intensive Detoxicating Therapy 

«ncl other sefere^fntolicnf poisoning 

Haemoperfusion Bx ih f ’n'' methods fa/ 

sorbents ihrhT.' «'‘^Ciod blood is passed through sneciaJ 

TJie si?e of^their poleS iTr/ ' ^^ ell developed internal structure 

to he adlorhecT sd,^^^^^^^ the mole- 

t’^nv and can leMu// and carbon sorbents have the low selec- 
h'mp], Tjjoj. substances contained in the blood or 

IS Gvchwed materials, in which the anion 

contained m tlw^^hl ^ M ^,^‘'^tion (c^ion) of the noxious substance 
Jngh selectiutv ‘ ^ mn-exchange resins 

tbo^necesfitv?n°" indicated for cases where there exists 

'^'itli difhrnliv exogenous or endogenous poisons that pass 

JUembranes farhr/l/J^'V (kidneys, lungs) or artificial 

^naled poisons that should be elim- 

sion inrltiria possiblc The conditions that require haemoperfu- 
hound ''iCi preparations whose molecules are large 

and ai.f^oii^^ pi oleins, combined metabolic disorders, and allergic 
toallergic conditions 

^nd a^n not complicated two large veins (or a vein 

hlood fr opened The patient is given a heparin injection 

^n ad«?n^i ^ (artery) is delivered into a column packed with 
bed bl n where the toxic agent is removed from the blood Pun- 
■''ein retuined into the circulatory sx'stem through the other 

circulating volumes of blood should thus be treated 
uiater/?”^^*^^ 7 Purifying lymph by passing it through a sorbing 
saruD o called lymphoperfuswn The operating principle is the 
As / ^memoperfusion 

are le from haemoperfusion, indications for lymphoperfusion 

Pato/^ uumerous The indications are mostly poisoning xvith he- 
®rgan I'U'^ic substances, diseases of the liver and the abdominal 
iTirr prophylaxis of lymphogenic metastasis of tumour (dur- 

& operations) 

the jj of lymph by sorption is done by catheterization of 

from lymph duct on the neck and a vein Lymph passes 

rial ^1 ^uct into the column packed with the sorptive mate- 

p returns into the body through the vein 

least^^o/ Ij'^mph continues longer than that of blood (for at 
r ^4 Jiours) 

g aemodialysis Removal of toxic substances from blood using 
somipermeable membrane is called haemodialysis The method 
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Fig 57 Haemoperfusion 


IS bassd on th© diffcrBiic© (gradiont) of concGiitratioiis of substancGS 
on Githor sid© of the niGinbranG As a riilo, a to\ic agent passes tbrouglt 
the membrane in the direction of its smallei concentration Tins 
principle is used in the apparatus known as an ‘artificial kidney’ 
a semipermeable membrane is installed in a vessel, the dialysing- 
liquid, simulating the blood with lespect to its salt composition 
and osmotic properties and containing no toxic agent (or containino- 
it in the concentration lower than m the blood), passes by one side 
of the membrane The blood, from which the toxic agent is to be 
removed, moves by the other side of the membrane Owing to this 
concentration gradient, the toxic substance passes the membrane 
in the direction of the dialysing solution, which carries it away 
Another method to remove toxic agents from the blood is by in- 
creasing barometric pressure in that part of the dialyser where blood 
IS contained The pressure gradient forces water (and fine molecules) 
to pass through the membrane from the blood into the dialysino- 
uuid, thus causing dehydration of the body “ 

The presence of toxic substances in the blood that can pass a dial- 
ysing membrane is the indication for haemodialysis This condition 
occurs in renal and hepatorenal insufficiency and m hyperlcalaemia 
of various genesis Two mam veins, or an artery and a vein, are used 
for carrying out dialysis Blood from the vein (artery) is passed into 
a dialyser, and the dialysing solution is passed into the other chamber 
ot the dialyser separated by a membrane A counter-current prin- 
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'' of 'O'O sob'ilancos fiom the 

’!]}/> ' *' perinea l)!o mombrano, the peritoneum 

irnmr , j *' holween the abdominal caMtv and the 

-•’nd in<;tanco between the Ivmph 

m ii 'II ^*'^^*‘''*‘^'**“*'* ■*"'! ah‘-nipiion processes constantly occur 
ef the 1 1 re"iilale‘- Jhe wnloi -electrolyte composition 

^ure of i hahince, piotein metabolism, osmotic pres- 

tiipr’^ ^ blood, and eliminates \arious toMC substances, provided 

tItI*’ ?f‘^dieni in their concentrations in the blood and in the 

'''Momma! cnMt> fseo ‘llacmodiahsis’) 

^ dialvsi'; is imhi'oted for eliminating toxic substances, 
chr ”i*3*ccn!e‘J are commensurable with the peritoneal pores, 
<j(, acute renal failure, hepatorenal insufficiency, exog- 

j sc\ore forms of diffuse peritonitis, and hyperhydra- 

tho^^ j j procedure is as follows A catheter (catheters) is passed into 
ll j ^ cavil\ (by puncturing it, or aher a special operation) 
diah mg solution, introduced into the abdominal cavity, absorbs 
Me *=uhctanccs due to the difference in then concentrations When- 
1 ^ ^Mos^arj', it IS possible to wnthdiaw' liquid from the body 
croatin:: osmotic and oncotic pressure difference 

mam typos of peritoneal dialysis exist permanent (pass- 
and fractional (intermittent). In the former case, the dialys- 
liuid IS passed into the abdominal cavitv through one catheter 
n a contmous stream and withdrawn from it through another cathe- 
ter One catheter IS enough in the intermittent type of dialysis The 
atelvsing fluid IS administered into the abdominal cavity and is 
t lowed to remain there for a certain time (at least 40 minutes) The 
“uid IS then withdrawn from the cavitv and a fresh solution admin- 
^''tered instead 

Enterosorplion Tins is the removal of toxic oi infectious agents 
|fom the intestinal contents and from the internal medium of the 
^odj' by sorbing substances taken per os Like in liaemoperfusion, 
Carbon and resins arc used for the purpose, but in tins case they are 
'^sed in the form of suspensions of powdered coal or water-soluble 
^Gsins Tlio toxic agents are removed with the bowel contents, and 
a so by thcir passage from the circulating blood into the bowel 
, rough the intestinal Avail, Avhich acts as a semipermeable mem- 
brane 

Exogenous peroral poisoning, diseases of the liver and renal failure 
for enterosoiption 

The technique is simple the sorbing substance is taken per os or 
n^ugli a gastric tube 

Replacement blood transfusion and plasmaphaeresis. The detoxi- 
cating effect of this method is based on complete or partial replace- 
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raenl of the palicnlV blood in ca^p'^ with intoMralion Ho- 

placemenlUan^-fusion of blood Ic^'-eii'^ into\K .ition, normah/r ‘^bnom- 
oslasis, ciiculahon and nucioi nculation, and un]no\c‘- tlm im- 
munological slalns 

Piogicssne >-cplic ‘^liorK and ‘■ONorc (•\og(non‘- intoxira- 

tionb aie indications foi lepbupinonl tian^-fucion of blood 

The proceduie iiu hides a puncture of the mam ^eln, tbroueb mIik ii 
the child’s blood is nilbdiann and the donor Idood infused \bout 
8-10 per cent of the cii cubit mg \olume is ^\llbdra^\n from the diild 
duiing one session and the snme amount is infused Fiom 50 to 150 
per cent of the circulating \olume can thus be replaced J be 
withdrawn blood can be cenliifuged to separate the er\tbrncjtes 
nliicli can then be transfused back to the patient while the pbism.i 
should be taken fioin the donoi (oi albumin infused) This pioceduie 
is known as plasmaphaeiesis 


Chapter 31 

intenshe Therapy of Some Diseases of Newborns 

HYALINE MCMBRWC DISE.\SE 

Hyaline membrane disease (respiiatoiy distiess s\jidrome of the 
newborn) occurs in 0 5-1 pei cent of neonates The incidence \aiies 
wutli body weight the smaller the weight, the higher the incidence 
Aetiology and pathogenesis The leading factoi in the onset of the 
disease is insufficiency of the surfactant s^stem of the child In 
most cases a sufficient amount of surfactant is present in the neonate 
lungs, Avhich ensures effective respiration within sc^e^al hours But 
the synthesis of the surfactant, wdiich is actnaled bv mellnllrans- 
ferase, is probably discontinued after birth, while the phosphochol- 
inesterase system of premature children is inadequate The neonate 
therefore breathes freely only foi a short period of time following 
his birth, but as the surfactant is gradually destroyed, the respira- 
tory distress develops The alveoli are distended during inspiration and 
collapse again during expiration The v.'ork of breathing increases 
significantly because each breath consumes the same amount of 
energy as the first one As the infant’s energy resouices are exhausted 
the collapse of the alveoli incieases The resistance of the pulmo- 
nary vessels increases, wdiile the inflow^ of blood to the lungs decreases 
accordingly The right-to-left shunting is again activated (first of 
all through Botallo’s duct and the oval orifice) Increased piessure 
in the lesser circulation, hypoxia and acidosis promote the plasma 
passage through capillary wmlls and fibrin deposition (hyaline mem- 
branes) in the alveoli and the alveolar ductules 
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thiural ji>i>'Uac The icspuatorj distress progiesses in neonateS' 
the IiMilino membrane di'^onse during the fiisL liouis following 
birth Ihe (hild becomes flaccid and assumes the balraclnan (frog- 
Idve) position General c\anosi<; dovciops Tncli^pnoea increases gra- 
uuaiK (to Gt) and more In oaths pci minute), expiratory giunt is 
clinrartorislic and is explained bv the child’s effort to expand the 
lung's hj tiealing incrensed resistance to expiration The yielding- 
areas of the cliO'-t and the epigastiium aic retracted during inspira- 
tion. ^\hldl is a sign of doc leasing lung compliance Auscultatioa 
reveals weak respiration and diffuse crepitation at the end of ex- 
Piiatioii Respiration is peuodicalh aiiested In the absence of 
increased oxvgoii contontration in the inhaled an, the child develops 


cyanosis The heart rate is usualh high, hut hiadycaidia (below 
100 heals per minute) develops in cases with severe hj'poxia Dis- 
turbed periplicinl microcirculation is manifested by pallor and 
full of skin lemperaluro 

Analvsis of the gas composition of the arterial blood reveals 
njpoxaemia In severe forms of the hyaline membrane disease 
PaO, 19 usually below ■15 mm Ilg with air breathing It increases 
insigmficantG during breathing with mixtures containing incicased 
u^'gen concentration Hjpoxaomia is often attended by lij'^per- 
i^upma (PaCOo is above 55 mm Ilg) and acidosis (pH is below 7 25) 

The cloctroGto composition of plasma is usually normal, except- 
that the potassium concentration incicases in hypoxia-affected/ 
colls 


The test foi foam icsislance is specific To 0 5 ml of isotonic 
sodium chloride solution added is 0 5 ml of gastric content and 1 ml 
of pure alcohol The test tube is shaken energetically and the result 
ossGsscd in 15 minutes Tlic presence of surfactant causes ^he 
formation of stable bubbles on the surface of tlie solution The 
lest IS negative in the absence of bubbling 
X-rav' signs of the hyalino membrane disease are decreased trans- 
parency of the lungs (roticulogranular appearance) and the presence 
of liglit stripes in the lung root (with an air bronchogram) 

, Tieaiment Tho neonate with hyaline membrane dipase should 
f’o placed in a couvmuse at a temperatuie of 35 G (or hig lei) 
air-ovygen mixture delivered into the couveuse should contain to 
00-60 per cent of oxygen If cyanosis persists and the partial tension 
of oxygen m the arterial blood does not rise above 50 mm Hg, spon 
taneous respiration wnth constant positive pressure in “e airways 
Jould he conducted The starting Pressure shouM be 5 cm II 2 U 
The pressure should then he increased by 2-3 cm H 2 O (w t 
of the gas composition of the blood) until PaOa is stable a 
1% The maximum pressure in the airways sliou d ,'p q 
^ 2 cm II 2 O As the condition of the neonate improves and FaUa 1 
oreases, the oxygen concentration in the breathing air should be- 
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decreased to a iion-lo\ic level (belov 30 pei (ent), the pu“^‘-iirc in 
tlie airways should then be loweied 

If an attempted use of spontaneous ic^pirahon v.itli con'^lnnl pos- 
itive airway pressure fails, and respiration is aiiostod nr PaCO^ 
increases, the child’s lungs should be ventilated artilicialh 1 he 
maximum values of ventilation foi tioatment of patipnl*- with ‘•o\cro 
hyaline membiane disease are as follows pics-suie at Ibe end of in- 
spiration, 30-50 cm II 2 O, positive picssuio at the end of e\piiation 
from 8 to 10 cm IlgO, and the inspiration to expiration time ratio 
3 1 It should be lememhercd that artibci.il xontilation at this 
rate can cause pathological changes and complications Those latings 
should therefore he decreased as soon ns possible 

The condition of the child with non-complicaled hj aline mom- 
hrane disease usually improves in 48-72 hours During lhi‘- time 
at IS necessary to ensure paionteral administiation of glucose, elec- 
trolytes and ammo acid solutions to meet the child’s demands for 
liquid and energy Metabolic acidosis is corrected by intraxenous 
administration of a 4 per cent sodium bicarbonate ‘solution 
•(2-4 mmole/kg body weight), the solution should be administered 
not faster than at a rate of 1 mmole per minute 
Many children with hyaline membrane disease develop hvpoNol- 
aemia and hypotension The deficit of circulating blood volume is 
replenished by transfusion of pl.isma or the formed elements 
(10 ml/kg) The haematocrit should be maintained at the level of 
‘0 45-0 5 (45-50 per cent by volume) By the end of the second or 
third day of life the neonate should be tiained for breathing "without 
a ventilator so that he can breathe spontaneouslv x\ith constant 
positive airway pressuie Further oxygen therapy should comply ^\lth 
the general requirements for this procedure Infants, ^\ho had a 
severe form of hyaline membrane disease, can later grow normally 

MECONIUM ASPIRATION SXNDROME 

Aspiration by the foetus of the amniotic fluid containino" admix- 
tures of meconium is the result of intranatal hypoxia and inci eased 
jespiratorv activity of the foetus Hypoxia can develop gradually 
due to placental insufficiency, or it may occui acutely as a result 
oi umbilical prolapse or placental detachment Respiratory distress 
can develop immediately after birth or gradually, as meconium par- 
ticles pass to the peripheral parts of the airways Infants develop 
tachypnoea with involvement of the accessory muscles Many rales 
ol various caliber can be auscultated in the lungs The x-ray picture 
IS characterized by infiltration of the lung roots, fan-like patterns 
-of atelectasis, and emphysematous sites (caused by air retention) 
the prevailing factor is in most cases overdistension of the lungs 
an the presence of vast atelectases The diaphragm contours on x-ray 
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pictuies aie theiefore level, the intercostal spaces are protruded 
The study of the acid-hase balance and the gas composition of blood 
reveals liypovaemia and mixed acidosis 

The efficacy of treatment depends on as eaily as possible reruova 
of the aspired mateiial from the an ways The studies have shown 
that timely removal by suction of the tiacheal contents decreases 
lethality in this group of patients 2 or 3 times The resuscitation 
measures should therefore be started with laryngo- or bronchoscopy, 
and irrigation of the trachea and bionchi vith an isotonic sodium 
chloride solution or sodium bicarbonate solution with su seque 
aspiration of excess liquid The gastric contents ^ ™ i 

conium should also be removed Intensive ^liejapy includes contro 
of gas composition of the blood, correction of r . 

of moist oxygen-air mixtures, and preventive use o a 

In severe cases of meconium aspiration, the cii ^ 
ficial ventilation of the lungs The difficult adaptation of 
with the meconium aspiration syndrome to a v during 

requires the use of muscle relaxants The maximu p 
artificial lung ventilation in such patients is 30-35 cm H,0 and the 
respiration i!te, 40-45 breaths per minute, 

moval of carbon dioxide mainly through the , emphysema- 

cf the lungs To prevent air retention in 

tous changes, the inspiration to expiration , syndrome 

higher than 1 2 The diild with the ii^econium aspiration syndrom 

should be given artificial lung ventilation ur g 

APNOEA OF NEWBORNS (APNOEA NEONATORUM) 

Periodical attacks of apnoea (cessation of "gfj^^ody^wmght 

for 10-30 seconds) usually occur m immaturity of the central 

and are usually associated with functio metabolic acidosis, 

nervous system Among other ^ai^aemia, hyperbilirubin- 

exposure to cold, hypoglycaemia, Occasional attacks of 

aemia, and anaemia deserve f or small haemorrhages 

apnoea can be the result of previous aspU ggconds is 

into the brain Cessation of respiration lasting for more than 
usually attended by biadycardia, showing the tenden- 

20 seconds causes severe hypo^nemia ration and heart rates 

to apnoea should be monitored (t diagnosis and pievention 
should be controlled) to ensure timely diagnosis 

of severe complications j„T.,ncr annoea of neonates is 

A common resuscitation n „l“Yentilation of the lungs 

massage of the chest If it fails, ar anaesthesia apparatus 

should be ensured using a face m children with frequent- 

or a breathing bag Artificial an hour), or m vhom 

^y recurring attacks of apnoea (several attacks an 
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these attacks are accompanied with gas exchange and circulatory 
disorders, should be controlled automatically If the condition of 
the child IS not aggiavated with concurrent diseases of the re- 
spiratory system, the rate of artificial ventilation should he 25- 
30 per minute, while the maximum inspiration pressure should 
he 15-18 cm HgO, the inspiration to expiration ratio being 1 2 
End expiratory pressure should be normal After the condition 
of the child has stabilized, intermittent mandatory ventilation 
should be applied with the respiration rate decreased to 1-2 per 
minute Assisted respiration with constant positive airway pressure 
of about 3-5 cm HgO is effective in some cases 

PNEUMOTHORAX AND PNEUMOMEDIASTINUM 

Spontaneous pneumothorax and pneumomediastinum often occur 
during the first breaths of a neonate with rigid lungs Excessively 
active respiratory movements overdistend normally ventilated al- 
veoli and cause their rhexis This usually occurs in infants with 
hyaline membrane disease, aspiration syndrome, pneumonia, and 
hyperplasia of the lungs A small volume of free air in the chest 
can be found in 1-2 per cent of practically healthy neonates The 
incidence of these complications has considerably increased now 
due to incorporation of new methods for intensive respiratory ther- 
apy based on mandatory inflation of the lungs Pneumothorax oc- 
curs in 5-40 per cent of children during artificial lung ventilation 
with positive end expiratory piessure 

Pneumomediastinum and pneumothorax have a common patho- 
genesis As alveoli break, the air penetiates the connective tissue 
and passes along the blood vessels toward the lung root, from where 
it enters the mediastinum and the pleural cavity In case of rhexis 
of the alveoli, located immediately beneath the pleura, the air can 
pass directly into the pleura The presence of a small amount of 
air in the mediastinum or the pleural cavity can be symptomless 
and there may be no obvious indications for intensive therapy But 
the accumulation of air in the pleural cavity, especially in the pres- 
ence of positive pressure (valvular pneumothorax), rapidly worsens 
the child’s condition to endanger his life Tachypnoea increases 
suddenly and generalized cyanosis develops The involved side of 
the chest may be protruded The mediastinal organs are displaced 
to the opposite side, which can be revealed by displacement of the 
area of cardiac dullness and the apex beat Percussion reveals the 
presence of band-box sound over the involved side of the chest, 
auscultation reveals the absence or strongly diminished respiration in 
the involved side The heart sounds are dull and the heart rate is fast 
X-ray examinations reveal the presence of free air outside the 
partly collapsed lungs, the absence of the bronchial pattern outside 
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the lungs, and displacement of the mediastinal organs and the dia- 
phragmatic cupola. j X +1 

Development of intense pneumothorax requires immediate tho- 
racocentesis to withdraw the air from the pleural cavity ihe i 
intercostal space is commonly punctured in neonates (in the anterior 
axillary line) The continuing entrance of air into the pleural cavity 
IS an indication for draining the cavity and connecting the catheter 
to a source of vacuum (constant rarefaction of lU-/u cm 2 1 
As distinct from pneumothorax, „ 

never causes severe disorders in the vital functions 1 - 

reveals the presence of an air envelope around the 
often seen between the silhouette of the heart an » 

treated by pertocUcal rnhalat.on of 100 per 

cent oxygen 

SHOCK 

Shock IS a severe circulatory disorder, 
output cannot meet the demands of the 1^°^^ Qi^r^inture nlacental 
can be caused by acute loss of blood in umbi ic P conditions 
detachment, rhexis of the intern^ organs, disease in se- 

Shock often occurs in aspbyMa, high pressure 

vcre intoxications, and m the presence of excessively jiw P 

in the end of expiration during artificial ^ ^ tachycaidia 

The clinical manifestations of shock i subnormal teni- 

(160 beats per minute), tachypnoca, pallor “^J“S“onsider- 
petature of the skin Diuresis is either 

ably The arterial pressure is another a ^ -weighing ovei 

The lower limit of systolic pressure m a newborn veign g 

2500 g IS 60 mm Hg , , i, i,q up nlaced m a couveuse or 

A child in the state of shock j ^tg^rjerature should be 

exposed to radiant beat so that 5 temperature, and (if 

maintained at 36X The heart rate, ^he ^in teinp^ momloied 
possible) arterial and central venous pressure sho 
Hourly diuresis should be controlled ehould be given to in- 

To prevent hypoxaemia “J.Agially whenever necessary 

bale, the lungs should be ventilated j.g.estahlished by intra- 

The volume of circulating blop Tnl/kg within 2-5 minutes) 

venous injections of blood infusion of liquids should be 

and Ringer lactate (5-10 ml/kg) Th pressure Metabolic 

controlled by the arterial and c^OTtr l^^ -^^^^ j^yjj.ggaj.bonate 

acidosis should be corrected by of the myocaidium 

solution In order to improve the ^on^ t 
and to increase the cardiac output, P 
at a rate of 6-8 pg/kg per minute 
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Chapter 32 

Intensive Post-operative Therapy 

Operative tiauma and anaesthesia cause considerable changes 
and disorders in the body, and some authors consider tins complex 
of changes as a separate ‘post-operatne disease’ Disturbances in the 
central nervous system, respiratory organs, cardio\ ascular system, 
gastro-mtestmal tract, and in the urinary system, and also serious 
biochemical shifts in practically all types of metabolism, areobser\ed 
during this period Correct management of the post-operatne 
patient requires special attention on the part of the anaesthesio- 
logist, which IS later rewarded by a considerable improvement of 
the child’s condition and his recovery 

NON-COMPLICATED POST-OPERATIVE 
(POST-ANAESTHESIA) PERIOD 

The mam objects of management of a non-complicated post- 
operative period are prevention and treatment of pain syndrome, 
therapy of respiratory insufficiency, normalization of the acid- 
base balance, and replenishment of energy loss of the body 

Any operative intervention involves a more or less pronounced 
pain syndrome Pam is not only the source of physical sufferings of a 
child, it causes some post-operative respiratory complications 
Pam decreases the respiratory excursions of the chest and the dia- 
phragm and interferes with evacuation of secretion from the tracheo- 
bronchial tree (difficult expectoration), which can after all cause 
atelectasis and pneumonia The pain syndrome is most pronounced 
after operations on the thoracic and abdominal organs, and also 
m vast orthopaedic operations 

Pam is controlled mainly by analgesics, usually by promedol 
Compared with the other drugs of the morphine group it inhibits 
respiration less significantly and can be given to children of any 
age If pain is especially severe, promedol should be administered 
togethei with antihistammics (diprazm, suprastin, dimedrol, etc ), 
or with small doses of droperidol, which intensifies and prolongs 
the narcotic effect It should be remembered that habituation to 
promedol and other narcotic drugs soon develops, and they should 
therefore be used with great care only duimg the first 24-48 hours 
post-operative Their use should be suspended xvlien pain lessens 
If pain is not severe, it can be eliminated by intramuscular admin- 
istration of analgin, which should also be better used with anti- 
histammics This preparation is often very effective with newborns 
and nurslings 
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H the operatne in]m\ ‘^igiulicant (in opeiations on thoiacic 
or abdominal oigaiiN) pain ‘^lionld bo conliolled by callieteiization 
of the opidnial ‘-pace for fiactional adininisliation of anaesthetics 
(triinocninc, lidoenino, dicaino) for 2 oi 3 dajs Epidinal anaestlie- 
duiing post-opeiati\c poiiod promotes normalization of the e\- 
ternal reepnaton function and lapid ic-establishnient of intestinal 
peristalsis 


A good ‘^edatne and analgesic effect dining post-operative period 
can he attained with acnpnnclmc (electioaciipnnctine) Acupunc- 
ture can ho used instead of analgcsus m about 60-70 pei cent of cases 
(or at least the doses of analgesics can he significantly decreased) 
Jicspiralon/ iiMifficicncy duiing post-operatne peiiod is prevented 
and treated b\ maintaining fieepalencN of the tiacbeohroncliial tiee, 
miproMiig bronchial diainage and also h\ blood oxygenation 
Inhalation theiap\ is ohligaloiv foi all childien aftei endotracheal 
anaesthesia in older to pie\ent subglottic laryngitis, because the 
ondotracheal tube can cause inflammation of the loose submucous 
cellular tissue of the lai\n\ A varm isotonic sodium chloride so- 
lution a "5 per cent sodium bicarbonate solution, or mineral water 
(Borzhomi) should be used for inhalations, 2-3 times a day In the pre^ 
c»ce of inflammation of the upper all\^ays good effect is attained 
n' steam-oxjgcn inhalations with medicinal heibs (sage, tliyrne, 
plantain, coltsfoot, vild losemaiy, etc ), which are alternated witli 
aerosols of pioteolvtic oiizvmes (trypsin, chvmotrypsin, mucosolvin, 
etc ) It should howcNei be lemembered that piolonged use ot en- 
gines thins sputum facilitating its expectoiation 

drainage of the bionchi due to affection of the 

gre reactions are also possible Inhalations should ^ 

conducted not nioie than 2 or 3 times a day, for 2-3 days Sputum s 
also thinned if the patient drinks much water (minera ^ 

ztomi, Djermiik, Essentuki, etc ) If the patient ^ann^ drink, ^e. 
after operation on the gastrointestinal tract, in in 
etc , adequate amount of liquid should be . removed 

If mucus IS letained m the uppei airwap, it sh laryn- 

bj suction using a thin sterile catheter ^bettei ^ patient 

goscopy) The catheter should remain in use ^ P'l^nt n ^In hy- 
trll the end of treatment and kept in an an r^ep 3 q _40 minute 
Parsecretion mucus should be lemoved by suction at 
intervals, and obligatory after each innalation 2.3 

Oxygen therapy is obligatory for all c 11 ^^jQ^inal Organs, other 
days after operation on the thoracic an qnecial indications, 

children should be given ^ .^sufficiency Among 

1 c in the presence of first signs plicated post-operative 

other methods for oxygen therapy ^inhalation of humidi- 

Periods a very simple method should e u richly lubricated 

bed oxygen through nasal catheters Elastic tubes, riciuy 
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with glycerol, are passed thiough the nose into the nasopharynx 
As pure oxygen is passed through the catheters, ils concentration 
in the inhaled mixture is 35-54 per cent This concentration is opti- 
mum for substantial oxygenation, it also pievents the danger of toxic 
effect of oxygen given at concentrations of 60-70 pei cent for a 
long time Only humidified and warmed (to the temperature of the 
body) oxygen can be used for oxygen therapy If a humidifier or pre- 
heater are not available, a Bobrov bottle can be u^-od oxygen is 
passed through hot water and is thus y aimed to 34-36“C 

Remedial exercises, lespiiatoiy exercises, and the actne beha\- 
lour of a child are very important for pro\ention of respiratory 
disorders 

Homeostasis is significantly^ impaiied in childien after \ast oper- 
ative interventions This should be coirected by appiopiiate inten- 
sive therapy because otheryise disordered homeostasis can cause 
paresis of the stomach and the intestine, upset the hepatic function, 
and decrease the diuresis, thus interfeiing yith removal of metab- 
olites from the body The condition of the operated child can be 
endangered if these pathological changes are not corrected in due time 
Correct management of the post-operative period is impossible 
without timely and thorough correction of the acid-base equilibrium 
and the water-electrolyte balance 
Development of metabolic acidosis during the post-operative 
period is the protective response of the body to opeiatne injury 
But significant changes in the acid-base balance cause se\ere disor- 
ders in the intracellular metabolism, inactuation of most key en- 
zymes, and hence, functional disorders in the vital organs and systems 
Metabolic acidosis is corrected with control of the acid-base balance 
by intravenous administration of a 4 per cent sodium bicaibonate 
solution But if the acid-base balance cannot (foi some reason or 
another) be controlled, tentative calculations can be done using 
the results of numerous clinical observations 3 ml of a 4 per cent 
sodium bicarbonate per kg body weight are required after opera- 
tions lasting to 90 minutes, if the operations last for longer time, the 
dose should be increased to 4 ml If post-operative acidosis is due to 
disordered external respiiatory function (increased PCOo of blood) 
rather than metabolic disorders (BE changes insignificantly), sodium 
bicarbonate solution is not very effective and its administration 
IS not recommended Measures should be taken to eliminate respira- 
tory insufficiency These include adequate oxygenation, spontaneous 
respiration with constant positive airway pressure, and artificial 
lung ventilation in severe cases 

Sodium bicarbonate alone can normalize the acid-base balance 
in rare cases acidosis develops again in 30-40 minutes unless its 
causes are eliminated The therapy of the disordered acid-base bal- 
ance should therefore be complex and include adequate analgesia. 
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adequate oxjgenation, timely replenishment of blood loss and 
the blood circulating volume, and correction of the ionic balance and 
the renal function 

Acidosis usually occuis onh dming the fust post-operative day, 
on the ne\t day it is followed by metabolic alkalosis, wdiich is mainly 
connected with the loss of potassium and the chloride ion (hypokalae- 
mic and hvpochloraemic alkalosis) Metabolic alkalosis can be cor- 
rected bj intra\enous administration of potassium chloride solu- 
tion The needed guantitj depends on the potassium deficit and 
the plnsiological loss of potassium— 2 mmole/kg a day (see Chapter 
*^ 0 ) For example if the potassium content of the blood serum of 
3 child IS .3 niniole/1, the deficit m 2 nimole/1 (the normal average is 
h mniole/l) The total deficit and the daily lequiiements are calcu- 
lated with reference to the extiacellular fluid, which makes 0 4 of 
body weight Thus, the amount of potassium that should be admin- 
istered to a child can be calculated from the formula body weight 
X (0 4 vC Prf -}- 2Pp), wheie P^ is potassium deficit and Pj, is 
potassium physiological loss For example, the potassium deficit 
of a child w'eighing 10 kg is 2 mmole/ 1 , then the amount of potas- 
sium that should be administered parenterally is 10 X (0 4 x 2 -f 
■r 2) = 28 mmole To that end, 28 ml of a 7 5 per cent potassium 
chloride solution, whose 1 ml contains 1 mmole of potassium, should 
be diluted 1 10 in a 5 or 10 per cent glucose solution containing 
insulin (1 unit per 3 g of glucose) This solution should be admin- 
istered by drip infusion at a rale not exceeding V 5 of the daily dose 
per hour Rapid administration of the solution can cause a cardiac 

arrest 

Correction of potassium metabolic disorders during the post- 
operative period IS obligatory because hypokalaemia causes persis- 
f'Ont intestinal paresis, disorders m the cardiac function and conduc- 
Pon in the neuromuscular synapses, and some other serious disorders 
If It is impossible to determine the electrolyte level in the blood, 
potassium chloride should be administered in the dose equal to the 
^uily demand for potassium of infants (about 3 mmole/1) 
^iyponatraemia can occur during the post-operative period, it 
should also be corrected Sodium chloride solution of various ^n- 
ceutrations (see Chapter 25) should be used for the purpose ine 
solution may contain 154, 513, or 885 nimole/1 of sodium chloride 
(0 9, 3 and 5 per cent solutions, respectively) The 
lotions to be administered (ml) are calculated from the following 

formula 

total sodium deficit X 1000 ml 

sodium content (mmolc/1) of a given solution 

The total sodium deficit is equal to the deficit oI 
plied by the volume of extracellular fluid (see above) The sodium 
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deficit IS the difference beUveen its normal content (140 mmole/l) 
and the actual content in a given patient The calculated dose should 
he administered slowly, at a rate of 12-15 drops per minute The 
tendency to hyponatraemia is especially vivid in newborns, all pa- 
thological losses in them (especially the loss of the gastric con- 
tents) should therefore he replenished by Ringei’s solution (in 
equivalent amounts) 

The operatne injury and fasting during the eaily post-operative 
period cause considerable changes in the piotein metabolism, which 
are manifested by hypo- and dyspj oteinaemia , increasing concen- 
tiation of lest nitrogen, nitrogen of amino acids and uiea in the 
blood Excietion of total nitrogen and nitrogen of urea increases 
ivith the urine, and the nitrogen balance becomes negative This 
IS the result of increased catabolism, which is characteristic of most 
stress conditions, the post-operative period included. 

The consideiable loss of protein can in most cases be replenished 
during the post-operative treatment by parenteral administration 
of protein hydrolysates or equilibrated ammo acid mixtures m 
amounts sufficient to meet the protein demands of the body and 
to equilibiate the upset balance between sepaiate ammo acids in 
the liver and other organs Ammosol, ammon, alvesm, moriamin and 
vamm are used foi correction of the protein metabolism in operated 
children These preparations contain all mam ammo acids in the 
required proportions and can maintain the piotein metabolism 
at normal level 

The dose of a protein preparation depends on the degiee of metab- 
olic disordei If the disorder is compensated, i g/kg of piotein a 
day should be administered Decompensation of piotein metabolism, 
wdiich IS manifested by hypoprotemaemia, decreased albumin- 
globulin ratio, and increased urea content m the daily urine, should 
be treated by increased protein doses (3-4 g/kg a day), and anticatab- 
olic therapy (retabolil, iierobolil, 25 mg intramuscularly, once dur- 
ing 3-5 days) 

Another important factor of adequate parenteral nutrition is the 
supply of sufficient energy material m the form of carbohydrates 
and fats, because the energy demand during post-operative period 
increases considerably The energy demands should be met adequate- 
ly, because not only the proteins taken wuth food but also pio- 
tems of ow n tissues wull be consumed for conversion into energy m 
the absence of the mam source of energy (fats and carbohydrates) 
The utilization of own tissue proteins intensifies hypoprotemaemia 
of the post-operative period The exogenous energy supply m the 
form of fats and carbohydrates thus decreases the decomposition 
of proteins and produces the nitrogen-savmg effect The mixture of 
ammo acids is assimilated to the optimum degree if the ratio of the 
calories to the amount of the taken nitrogen (in grams) is 150 1 
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Fats and carbohydrates are the main suppliers of ATP of the cell, 
us main source of energy In the absence of fats and carbohydrates 
the cell consumes intensivelj^ ammo acids The functional condi- 
tion of the protein-synthesizmg apparatus also depends on a contm- 
uous supply of energy-giving material to the cell. About 4-5 g 
ot endogenous nitrogen can be saved during medium-gravity opera- 
tions by parenteral administration of glucose This amount of nitro- 
gen is equivalent to 25-31 g of protein 
During early post-operative period when normal nutrition (eating) 
IS either restricted or completely impossible, the operated child should 
he given parenteral nutrition by infusion therapy The necessary 
t'lniounts of amino acids, caloric demands, quantities of electrolytes 
and vitamins, and also the total amount of liquid, should be calculat- 
accurately, especially for newborns and infants 
-{Qn ® daily caloric demand of infants ageing under 1 is 110- 
loO Itcal/lcg, of infants between 1 and 3, 80-90 kcal/kg, between 4 
and 5, 70-80 kcal/kg, between 10 and 12, 50-60 kcal/kg, and of older 
children 35-45 kcal/kg 

Energy demands during parenteral nutrition cannot be met without 
correction of fat metabolism In order to attain this and also to 
increase the caloric intake with parenteral nutrition, fat emulsions 
containing polyunsaturated fatty acids are now used The emulsions 
^6 prepared from cotton-seed and soya bean oil (lipifizan, lipofun- 
din, intralipid) Fat is a high-caloric material, but its utilization 
IS only possible with correct dosage and rate of administration 
(1 5-3 g/kg a day, 0 2 g/kg per hour) Moreover, fat emulsions should 
not be administered with concentrated glucose solutions, or imme- 
diately before or after glucose administration 
Contraindications for administration of fat emulsions are hepatic 
insufficiency, lipaemia, hypoxaemia, shock, thrombohaemorrliagic 
syndrome, microcirculatory disorders, brain oedema, and haemor- 
rhagic diathesis , 

When administering parenteral nutrition, it is necessary to admin- 
ister also optimum doses of vitamins, which are involved in man 5 '^ 
metabolic processes since they act as co-enzymes in the reactions 
of energy utilization The amounts of vitamins that should be admin- 
istered per each 100 kcal are as follows ascorbic acid 3-5 mg, co- 
carboxylase 20-30 mg, thiamine 0 1 mg, riboflavine 0 1 mg, panto- 
thenic acid 0 3 mg, choline 5-10 mg, nicotinic acid 0 7 mg, pyridox- 
me 0 1 mg, folic acid 2 mg, and cobalamine 0 04 mg 
The ingredients of the parenteral nutrition should be balance 
The optimum ratio of proteins to fats and to carbohydiales shou 
he 1 1 8 6 6 In order to split proteins, fats and carbohydrates, 
and to involve them in various syntheses, a certain amount of walei is 
accessary, namely, 1 ml of water per each kilocalorie 
Thus, when planning infusion therapy during posl-operauvo 
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period, a daily programme should be calculated, in ^\hich all le- 
quirements for electrolytes, pioteins, fats, carbohydrates, vitamins, 
and water should be thoroughly balanced Total parenteral nutri- 
tion should bo given only duiing the fust post-operatne dn\‘- When 
the child IS able to eat, the quantity of ingredients given parentcr- 
ally should be decreased accordingly, i e total parenteral nutrition 
should be replaced by partial parenteral nutrition, vlncli is a supple- 
ment to the food taken by the child per os 

COMPLICATED POST-OPERATIVE 
(POST-ANAESTHESIA) PERIOD 

Early post-operative period can be complicated by changes m 
the central nervous system, by respiratory and circulator} disorders 
and disturbances in the gastrointestinal function The common com- 
plication on the part of the central nervous system is laic recovery 
from anaesthesia It can be due to overdosage of narcotic substances, 
hypercapnia caused by inhibition of respiration by large doses of 
promedol, phentanyl and muscle rolaxants, and also inadequate 
artificial ventilation of the lungs and pronounced metabolic acidosis 
due to excess accumulation of lactic, pyruvic and othei acids in the 
child’s body 

Overdosage of narcotic substances is diagnosed by deep narcotic 
sleep (absence of the pupillary and coineal leflexes), EEC findings, and 
also by the quantity of preparations used for narcosis Antidotes to 
promedol and phentanyl should be used in such cases (nalorphine, 
naloxon) Adequate oxygenation (assisted spontaneous or artificial 
ventilation) should be ensured 

Metabolic acidosis should be corrected by intravenous admin- 
istration of sodium bicarbonate solution It is necessary simulta- 
neously to improve the function of the urinary system The urinary 
bladder should be catheterized, the circulating volume of blood 
replenished, and aminophylline and, if necessary, furosemide ad- 
ministered intravenously 

Prolonged unconsciousness, increased muscular tone, convulsions 
and pathological reflexes indicate hypoxic affection of the brain 
(post-hypoxic encephalopathy) This is caused by oxygen deficit due 
to a pronounced and prolonged fall of arterial pressure, inhibited 
respiration, or obstruction of the airways 

Treatment oxygen therapy, hyperbaric oxygenation, artificial 
lung ventilation (if necessary), control of brain oedema, using pro- 
tease inhibitors (contrykal, gordox), diuretics (lasix, mannitol, 
urea), glucocorticoids, and craniocerebral hypothermia 

The main complications of the respiratory function and the cardiovas- 
cular system, their diagnosis, prevention, and treatment were 
described in Chapter 12 
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Upset gastrointestinal function duiing early post-operative period 
is manifested mainly by vomiting and paresis of tlie intestine and 
the stomach A permanent thin tube should in such cases be intro- 
duced into the stomach to withdraw congestive contents Measures 
should be taken to re-establish peristalsis by correcting electrolyte 
disorders and acid-base balance, administering proserme, parane- 
phric novocaine block, and prolonged epidural anaesthesia 
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Appendix 

1 Mam Drugs Used for Anaesthesia and Intensive Therapu of Infants and Chlldre 


Preparation 

1 firm 

DOiC 

iindf r 

1 inoiuii 

6 moiUtis 

/ Narcotics 

Hexenal, 1% 

solution 

single 



Thiopental sodium, 1% 
Sodium o\ybate, 20% 

solution 

solution 

single 

single 

50-100 

ing/kg 

Sombrevin (eponlol) 
Ketamine, 5% 

solution 

solution 

single 

single 



II Hiipnotics 
Phenobarbital 

tablets 

single 

0 005 

0 01 

Chloral bydiate 

powder 

single 

0 1 

0 15 

Baibital 

Medinal 

powder 

tablets 

single 

single 

0 01 

0 01 

0 04 

0 03 

III Psychotropic drugs 
Aminazine, 2 5% 

solution 

single 


0 I ml 

Droperidol, 0 25% 

solution 

single 


0 3- 

Diazepam, 0 5% 

solution 

single 


0 1-0 2 ml 

Propazine, 2 5% 

solution 

single 


0 1 ml 

Fluphenazme, 0 25% 
Benactyzme (amizyl) 

solution 

tablets 

powder 

single 

single 


0 1 ml 

IV Narcotic analgesics 

Devtiomoramide 

(palfium) 

Promedol 1% 

solution 

solution 

single 

single 


0 1-0 2 ml 

Omnopon, 1% 

Phentanyl 

solution 

solution 

single 

single 



V N on-narcotic analgesics and antipyretics 
Amidopyrine, 4% solution single 

0 3-0 5 ml 

0 5-1 0 ml 

Amidopyrine 

Analgin, 50% 

suppository 

solution 

single 

single 

0 10 g 

0 03-0 05 ml 

0 15 g 

0 05-0 1 ml 

Acetylsalicylic acid 

tablet 

single 

0 05 g 

0 05-0 1 g 
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Age 


1-3 years 4-7 years 


above 
7 years 


Administration 


Notes 



8-10 mg/kg 


intravenous 

dilute with distilled 
water before use 


5-8 mg/kg 
100-150 iiig/kg 


intravenous 

intravenous 

intramuscular 

dilute as hexenal 


5- 15 rog/kg 

6- 12 mg/kg 


per os 
intrax'onous 

used for minor 



intramuscular 

(out-patient) opera- 


2-3 mg/kg 


intravenous 

tions 

0 02-0 03 

0 03-0 04 

0 04-0 05 

per os 

to prevent convul- 
sions 

dilute with distil- 
led water to make 

0 2-0 3 

0 3-0 4 

0 4-0 5 

by enema 





2 and 3% solutions 

0 07-0 1 

0 15-0 25 

0 3 

by enema 


0 07-0 1 

0 15-0 25 

0 3 

by enema 



per yeai of age 

0 5 mg/kg 

per year of age 

per year of age 

per year of age 
^ts tablet tablet 


intravenous 
intramuscular 
intravenous 

intravenous 

intramuscular 

intramuscular 

i 

intramuscular 
1 tablet per os 


used per se and in 
lytic mixture 
can be administe- 
red again in 2-3 hrs 
for convulsive syn- 
drome and anxiety 
less toxic than ami- 
nazine 
antiemetic 
can be used as 
sedative 


0 2-0 4 ml 0 5-0 8 ml 


0 9-1 ml subcutaneous 


0 1 ml per year of age 


0 , 

0 


1 ml per year of' age 
008-0 01 mg/kg 


intravenous 

intramuscular 

subcutaneous 

same 

same 


2 0-4 0 ml 4 0-6 0 ml 1.0 ml per 

year of age 

0 15-0 2 g 0 25-0 3 g 0.3-0 5 g 

0 1 ml per year of age 

0 1-0 25 g 0 25-0 5 g 0 5 g 


intravenous 
intramuscular 
per rectum 
intramuscular 
intravenous 
per os 


twice a day maxi- 
mum 

respiration can be 
depressed 

same 


for pyrexia can be 
given in 1-2 hrs 
same 
same 

for hyperpyrexia 
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Preparation 

1 orm 

Dose 

1 month C months 

VI Chohnoh/iics 

Atropine, 0 1% 

solution 

single 

0 05 ml 

Metliacine, 0 1% 

solution 

single 

0 02-0 03 ml 0 05-0 1 ml 

Platyphylline, 0 2% 

solution 

single 

0 1 ml 0 2 ml 

Scopolamine, 0 05% 

solution 

single 

0 1 ml 0 1 ml 

VII GanghoblocKers 

Arfonad, 1% 

solution 

single 


Benzohevonium, 2 5% 

solution 

single 

0 05-0 1 ml 

Pentamine, 5% 

solution 

single 

0 5 mg/kg 0 5-1 Omg/Kg 

VIII Spasmolytics 

Aminophylline, 24% 

solution 

single 


Aminophylline, 2 4% 

solution 

single 

0 2-0 3 ml 0 5-1 0 ml 


Nospa 

Papaverine, 2% 


solution 

solution 


Magnesium sulphate, 25% solution 
Reserpine, 0 1% solution 

Dibazol, 0 5% solution 

Tropaphen, 1% solution 


single 

0 3-0 

5 ml 0 

5- 

•0 

8 ml 

daily 

0 2 

ml 

0 

4 

ml 

alpha-adrenolyt 

ICS 





single 





1 0 

single 

0 03-0 

05 ml 0 

05 

-0 

08 ml 

single 

0 1 

ml 

0 

2 

ml 

single 

0 1 

ml 

0 

2 

ml 


X Vasopressors {alpha-mimeiics) 


Epinephrine, 0 1% 

solution 

single 

Notepinephnne, 0 2% 

solution 

single 

Mesaton (phenylephrine solution 

single 

hydrochloride), 1% 


Ephedrine, 5% 

solution 

single 


0 1 ml 0 1-0 15 ml 
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Continued 


Age 


1-3 ■>ears 4-7 years 


Administration Notes 

above 
7 ■jears 


0 1 ml per year of age 


intravenous 

intramuscular 

subcutaneous 


0 1 ml per year of age subcutaneous 

^ intravenous 

intramuscular 

0 25-1 0 ml 1 0-1 2 ml 1 2-1 5 ml subcutaneous 

0 1-0 2 ml 0 2-0 3 ml 0 3-0 5 ml subcutaneous 


for severe brady- 
cardia the dose can 
be increased 2-3 
times 


0 1-02 ml/kg 

0 2-0 3 ml 0 3-0 5 ml 0 5-1 0 ml 
1 5-2.5 mg/kg 


intravenous 

intramuscular 

intravenous 

intramuscular 

intravenous 

intramuscular 


can be given repea- 
tedly m 1-2 hrs 


0 1 ml per year of age 

1 0 ml per year of age 


intramuscular 

intravenous 


0 

1 

00 

0 ml 

1 

0-1 

5 

ml 

0 

5-0 

6 ml 

0 

6-0 

8 

ml 

ml per year 

of 

age 


ml 

0 

1-0 

2 ml 

0 

2-0 

3 


0 4 

ml 

0 

5-0 

8 

ml 

0 

2-0 

4 ml 

0 

5-0 

8 

ml 


1 5-2 0 ml intravenous, slow 
to 1 ml subcutaneous 


intramuscular 
0 3-0 4 ml intramuscular 
0 8-1 0 ml intramuscular 
0 8-1 0 ml intramuscular 


intravenous dnp 
with glucose should 
be preferred, slow 
infusion with con- 
trol of arterial 
pressure 


for disordered pe- 
ripheral circula- 
tion 


0 2-0 3 ml 


0 3-0 5 ml 


0 5-0 8 ml subcutaneous 
intravenous 


0 05 ml per year of age 


same 


the dose can be in- 
creased 2-3 times 
for cardiac arrest 
can be given re- 
peatedly at 3-4 hr 
intervals 


0 1 ml per year of age 
0 1 ml per year of age 


same 
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Preparation 


Form Dose 


under 
1 month 


6 months 


XI Antiarrhythmics and beta-blockers 

Dilantin (phenytoin), tablet single tbl i/s tbl 

1 mg 


Inderal (propanolol hy- 
drochloride), 5 mg 

ampoule 

single 

0 2-0 5 ml 

0 2-0 5 ml 

Novocainamide, 10% 

solution 

single 

1 



XII Beta-stimulants 
Alupent 

solution 

single 

0 2-0 3 ml 

0 2-0 3 ml 

Novodrm 

tablet 

single 

V 4 tbl 

V 4 tbl 

XIII Cardiac glycosides 
Digoxin 

tablet, 

solution 

daily 


0 05-0 075 

Corglycon, 0 06% 

solution 

single 

1-2 drops 

0 05 ml 

Strophanthm, 0 05% 

solution 

single 

1 drop 

0 05 ml 

XIV Diuretics 

Aldactone (spironolac- 
tone) 

Glycerol 

Glycerol, 10% 
Acetazolamide, 0 25 g 

tablet 

single 


0 01 g 

tablet 

single 

single 

single 

teaspnfl 

Vb tbl 

1 teaspnfl 
1-2 g/kg 

V 4 tbl 

Lasix 

solution 

daily 



Mannitol 

solution 

single 

t 

1 g/bg 

Urea 

Novunt 

solution 

solution 

Single 

single 

f 

1 g/kg 

0 1 ml 
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-'EC 


1-3 Tcnrs 4.7 lonr'! _nl)Ove 

/ 7 cars 


Continued' 


Administration Notes 


V4 tbl Vs tbl 1 till 
0 8-1 0 ml 1 0-2 0 ml 2 0-3 0 ml 
0 5-2 ml 1-3 ml 

0-3-0 5 ml 0 5-0 7 ml 0 7-1 0 ml 
Vs tbl Vs tbl V2-I tbl 


per os, 2-3 times for epilepsy and' 
a day paroxysmal tachy- 

cardia 

slow intravenous dilute in 20 ml of 
isotonic NaCI sin 
(0 25 mg in 1 ml) 
intramuscular, in- for paroxysmal 
travenous drip in- tachycardia and fi— 
fusion brillation 


intravenous, for bronchial asth- 

intramuscular, ma, cross heart 

subcutaneous block, ineffective 

cardiac massage 

sublingual for bronchial 

asthma 


(for 2 do3's) 


0 1-0 2 ml 0 3-0 4 ml 
0 1 ml 0.15-0.2 ml 


0 5-0 8 ml 
0 2-0 3 ml 


per os, intrave- 3 times a day for* 
nous, intramuscu- digitalization, then 

« n ^ _t JL 7- 


lar 
intravenous 
slow 

intravenous 


2 times a day, with 
pulse control 
administered in 
isotonic NaCI sin 
repeat infusion not 
sooner than in 4-5 
hours 


0 025 g 0 025-0 05 g 
2 teaspnffs 2 tbl spntls 
Va tbl 

3-5 mg/kg 

(fis dry substance) ' 

(as dry substance) 

P6r year of age 


0 05-0 1 g per os 

2 tbl spnOs per os 
per os 
1/2 tbl per os 

intramuscular 
intravenous 

intravenous 


intravenous 

intravenous, 

muscular 


for hypernat- 
raemia 

for brain oedema 
for brain oedema 
to decrease liquor 
formation 
the dose can smtms 
he increased to 
10 mg/kg 
dilute to 15 or 30% 
solution, use for 
oedema or after 
previous adminis- 
tration of liquid 
same 

intra- cool to room tem- 
perature 
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Preparation 

Form 

Dose 

under 

1 month 

6 months 

XV Hormones 

ACTH 

solution 

daily 

10-20 units 


Hydrocortisone 

solution 

daily 



Dexamethasone 

Insulin 

Insulin 

Cortisone 

tablets, 

solution 

solution 

solution 

solution 

daily 

daily 

single 

daily 

0 5 mg 

0 025 

0 5-1 0 mg 

1 unit per 4 

0 05 

■Nerobol 

Nerobolil 

Prednisolone 

tablets 

solution 

solution 

daily 

daily 

daily 

1-2 mg 

1-2 mg 

1 mg/kg 

Hetabolil 

solution 

weekly 



XVI Analeptics and antidotes 
Bemegride, 0 5% solution 

single 

1 0 ml 

1 0-2 0 ml 

Halorphine, 0 5% 

solution 

single 

0 2 mg/kg 

Proserine, 0 05% 
TJnitbiol, 5% 

solution 

solution 

single 

single 


0 1 
1 0 ml 

XVII Haemostatics 
"Vikasol, 1% 

Calcium chloride, 10% 

solution 

solution 

single 

single 


0 1 ml 

1 0 ml 

Epsilon-aminocaproic 

acid 

solution 

single 

30-50 ml 

XVIII Miscellaneous 
Heparin 

solution 

daily 

50-1000 U/kg 

Tanangin 

solution 

single 

0 1 ml 

0 1-0 2 ml 

Trasylol 

solution 

single 

5000 U 

10 000 U 


Appendix 


355 



1-3 -scirs 4-7 


c 

7 •vcir- 


\<lmini‘;lr.\tion 


20-i50 unit's 

3-5 nig/Kir 

0 2 nig/kg 
1-2 U/kg 


40-Gti unit's intramuscular foi bionclual asth- 

ma and various 
alleigies 

intra\onous, intra- to 5-10 mg/kg for 
niu'sculnr cardiac airest 

0 2-0 3iug/kg intra\enoub, pei os 


1-2 U/kg Pttbculaneous 

B of dr> sugar in dropper intiavenous a.c 

0 05-0 1 0 1-0 '* 0 1-0 3 inlramu'sculai for allergic dis- 

‘ “ nncoB rhmimatisra. 


2-3 mg 2-3 nig 5 mg per os 
-*1 month intramuscuj 

1-2 mg/kg inlramuscul 

intraienous 


oases, rheumatism, 
Addison’s disease 
per os same 

intramuscular 

intramuscular foi caidiac arrest 


1 mg/kg intramuscular 

2 0-3 0 ml 5 0-10 ml 10 0-20 Ornl intravenous 


tlie dose can be 
increased to 
2-3 mg/kg 


0-3 0 ml 5 0-10 ml 10 0-20 Ornl intravenous ovLdosag^e'^^'^'^’^^^^ 

2-3 me 3-5 mg 5-10 mg 

intravenous 

ml per year of age same nmsoaing with 

por 10 kg l,od) ^^c.ghl ;SbcXn“ouB L.vy msl«l salts 


per year of age 
per year of age 

50-80 ml 


intramusculai 
per os 


the dose can he in- 
creased 3-4 times 
for cardiac arrest 


100 ml intravenous 
drip 


50-1000 U/kg STaneous ^ 

0 5-1 0 ml 2 0-4 0 ml 5 0-10 0 ml hypokaTaS, 'can 

with glucose 

with stiophanthm 
or digitalis prepa- 
rations 

10 000-20 000 U intravenous drip t|e en- 

zyme content is 
high 
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2 Paediatric Normal Values 


Test 


Age 


Rnngc 


Blood 

1 Total protein 


2 Albumin 


3 Globulins 
tti-globulins 
a 2 -globulins 
P-globulins 
V-globulins 

4 Bilirubin total 

5 Bilirubin, direct 
(glucuronide) 

6 Bilirubin, indirect 
(free) 5 

7 Glucose 


8 Lipids, total 


9 Uric acid 


10 Urea 


11 Creatinine 

12 Cholesterol 


13 p-Lipoprotems 

Blood Enzymes 

14 Alanine amino- 
transferase 

15 Alkaline phospha- 
tase ‘ 


16 Amylase 


under 1 m 

2- 6 m 
6-12 m 
1-4 y 
5-14 y 
under 1 m 
1 m-1 % 
1-3 y 

3- 14 y 
under 1 in 
1 m-1 y 
1-2 y 
3-14 y 
1-2 y 
3-14 y 
1-2 y 
3-14 y 
1-2 y 
3-14 Y 

1 m-14 y 
1 m-14 V 

1 m-14 y 

0-7 d 
8 d-1 m 

2 m-14 y 

0- 7 d 

1 m-1 y 

1- 15 y 
under 1 m 
1 m-1 y 
1-15 y 
under 1 m 
1 m-1 y 
1-14 y 
1-14 y 
under 1 m 
1 m-1 y 
1-14 y 

1 m-14 y 


1 m-14 y 

under 1 m 
1-2 m 
3-5 m 

6-11 m 

1-14 y 
1 m-14 y 


4 1-5 5 g% (41-55 g/1) 

4 7-5 9 g% (47-50 g/1) 

5 4-6 8 g 96 (.54-08 g/1) 

5 0-7 9 go'o (50-70 g/I) 

6 2-8 2 g9(, (02-82 g/1) 

3 1-4 4 go/o (31-44 g/1) 

3 6-4 9 g% (3G-40 g/1) 

4 07-5 03 g% (40 7-50 3 ji/l) 

3 72-5 50 gos (37 2-55 g/1) 

1 6-2 6 g% (16-20 g/1) 

1 C-2 9 g% (lG-29 g/1) 

0 15-0 35 g% (1 5-3 5 g/1) 

0 12-0 30 go/o (1 2-3 0 g/1) 

0 41-0 66 g0(, (4 1-G 0 g/1) 

0 35-0 95 g% (3 5-9 5 g/1) 

0 52-0 S3 g% (5 2-8 3 g/1) 

0 40-0 92 go/o (4-9 2 g/1) 

0 45-1 66 g% (4 5-16 0 g/1) 

A (5 3-12 g/1) 

0 2-1 2 mg96 (3-20 pmolc/l) 

0 05-0 25 mg95 (0 85-3 4 umoIo/1) 

0 15-1 0 mg% (2 57-17 1 pmole/l) 

30-75 mg% (1 7-4 2 mniole/1) 
45-85 mg9o (2 5-4 7 mmole/1) 
60-100 mg% (33-55 mmole/1) 
170-450 mg% (1 7-4 5 g/1) 

240-700 mg5'o (2 4-7 0 g/I) 

450-700 mg% (4 5-7 0 g/1) 

2 4-5 0 mg% (1 4-2 9 mmole/1) 

A (0 59-2 06 mmole/1) 
^■4 0 mg% (0 59-2 36 mmole/1) 

Jc'oJ ^"4 5 mmole/1) 

15-35 mg% (2 5-5 8 mmole/1) 

15-40 mg% (2 5-6 7 mmole/1) 

(35-84 pmole/1) 

‘5-3 0 mmole/l) 
J5"^60 mg% (1 8-4 9 mmole/l) 
^40-250 mgo/o (3 7-6 5 mmole/l) 
300-600 mg96 (3-6 g/1) 


0-40 U 

to 59 U 
40-156 U 
34-162 U 
34-140 U 
38-138 U 
16-30 U 




Appendix 


357 


Continued 


Test Ase Range 

Sedimentation Tc':ts 

17 Tin mol turbid lU 0-14 \ 0-4 U 

lest 

IS Morcur\ lest 0-14 j 80-100 U 

Acid-hasc Balance and Ga’ses of Blood 


19 pH 

20 PaCO; (COj partial 
pre=suro) 

21 PaO; (owgon par- 
tial pressure) 

22 Bicarbonate, 
Standard (Sb) 


23 Base excess or dc 
ficil 


1 m-1 X 7 tt 

1 m-1 x 20 5-36 5 mm Hg 

1.7 -v * 20 5-36 0 mm Hg 

S-il'y 28-42 mm Hg 

0-1 5 X 00-90 mm Hg 


1 m-1 j 
1-4 y 
5-7 y 
8-15 X 
1 m-1 V 
1-4 J 
5-7 > 
8-15 y 


18 5-25 mmole/1 
18 5-2i mmolo/1 
20 5-20 mmole/1 
20 0-20 mmolc/1 
(-^2)-(-5) mmole/1 
(-5-1)-(-3 3) mmo e/1 
(4-2 9)-(-4) mmole/1 
(-f2)-(— 2 4) mmole/1 


Subject Index 


absorption system, 14 
acid-nase balance, 50, 54 
acute circulatory failure, 233-245 
acute heart failure, 233-245 
acute renal failure, 233 
intensive therapy of, 308 
acute vascular insufficiency, 245 
adrenomimetic preparations, 94 
altbesine, 79 
aminazine, 82 
anabolic preparations, 98 
anaesthesia, 
apparatus for, 13 
caudal, 160 
central, 136 
combined. 111 
complications of 163, 169-176 
concurrent, 112 
conduction, 158 
definition of, 11 
epidural, 160 

for premature neonates, 176 
general principles of, 120 
infiltration, 156 
inhalation, 110, 126 
intravenous, 157 
local, 154 

multicomponent, 134 
muscle relavants in, 141 
nitrous ovide, 128 
non-inhalation, 110, 131 
one-component, 104, 126, 171 
parasacral, 160 
para\erlcbral, 159 
reco^erv from, 125 
regional, 15 

■vsith central analgesics, 136 
anaesthetic ether, 76 
anaesthetics, 75-81 
inhalation, 79 
non-inhalation, 78 
analgesics, 81, 136 
anti-adrcncrgic preparations, 95 
anlichobnestcrase preparations, 92 
antihistaminics, 91 


apnoea of newborns, 337 
arrhythmias, 248 
arterial pressure, 62 
artificial lung ventilation, 223 
apparatus for, 18 
safety regulations in, 20 
artificial respiration, 195-197 
atresia of oesophagus, 180 
atrial fibrillation, 251 
atrial flutter, 251 
Ayre’s system, 16 


barb amyl, 91 

blood plasma substitutes, 98 
brain oedema, 279 
breathing mechanics, 40 
bronchospasm, 172 
buffer systems, 50 


cardiac arrest, 193 
cardiac massage, 
closed chest, 198 
open chest, 201 
cardiac output, 66 
cardiovascular preparations, 88-90 
cardiovascular system, 42, 114 
determining condition of, 62 
central analgesia, 103 
central venous pressure, 66 
chloroform, 72 
cholinolytics, 92 
circular system, 14 
clinical death, 187, 189 
coma, 

adrenal, 278 
azotaemic, 273 
diabetic, 269 
eclamptic, 277 
hypochloraemic, 277 
hypoglycaemic, 277 
post-traumatic, 276 



Subject Index 


359- 


constant positive airwnvs prossuro 
(CPAP), 218-223 
complications of, 223 
convulsions, intensive tlicrapv of, 
288-29 'i 
corglvcon, 89 
couv elites, 25 
cvano-^is. (>0 
cjclobarbital, 77 
cvclopropanc, 75 


dead-spare effect, I A 
dofibnllation, 203 
dctoMcatiiiK Iher.ipj, 331 
diapbragpialic liernia, 183 
diazepam, SA 
dibazol, 90 
dicaino, 80 
digoxin, 88 
diprazin, 91 
dithylm, 88 
diuretics, 95 
dropcridol, 83 
djspnooa, GO 


ecbocntcpbalograpliy, 59 
clectroencophalograpbv , 59 
emphysema, 183 
endotracheal tubes, 21, 22 
cnterosorption, 333 
etmoidate, 79 


ganglioblocking preparations, 93 
gas diffusion in lungs, 38 
gastrointestinal tract, 45 


haemodialysis, 331 
haemoperfusion, 331 
haemostasis, 116 
haloporidol, 83 
halothane, 76 

hepatic failure, intensive therapy of, 
317 

hernia, 

diaphragmatic, 183 
umbilical, 186 
hormones, 97 

hyperbaric oxygenation, 29, 231 
chamber for, 30 
hypercapnia, 60 
hyperpyrexia, 284-289 
hyperthermia, artificial, 153 
hypnotics, 90 


hvpovacraia, 72 
hypoxia, control of, 237 


incubators, 25 
infusion therapy, 294 
inhalation theiapv, 28 
intensive therapy, 204 
intensive therapj^ of 

acute exogenous intoxication, 322 

acute hepatic failure, 317 

acute renal failure, 308 

coma, 267, 269 

convulsions, 288-294 

hyaline membrane disease, 334 

liyperpvTcxia, 284-289 

insect bites, 330 

«liock, 39 

snake bites, 329 

toxaemia, 262 


laiyngoscopcs, 23 
laryngospasm, 171 
lidocaine hj drochlonde, 80 
lobar emphysema, 183 
lumbar puncture, 59 
lung capacity, 35 
lungs 

gas diffusion in, 38 

ventilation of, 37, 223 
Ijoaipboperfusion, 331 


mechanism of breathing, 40 
meconium aspiration syndrome, 336. 
metabolic disorders, 71 
correction of, 239 
metabolism of amino acids, 54 
carbohydrates, 55 
changes m, 73, 74 
energy, 5 
fat, 55 

main types of, 73 
monitoring, 28 
morphine, 81 

muscle relaxants, 84-88, 141-147r 
classification of, 86 
depolarizing, 88 
non-depolarizing, 87 


narcosis, definition of, 11 
nervous system, 35 
neuroleptanalgesia, 152. 
neuroleptics, 82 
neurotoxia, 265 
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Subject Index 


neurovcgctativo block, 103 
nitrous oxide, 75 
non-rcbreathing sysloni, 15 


omnopon, 81 
osmosis, 49 
oxygen therapy, 216 


ipapaveime, 89 
parenteral nutiilion, 303 
preparation for, 100 
paroxysmal tachycardia, 248 
pentazocine, 82 
■peritoneal dialysis, 333 
peritonitis, 185 
phenobarbital, 91 
jphentanyl, 82 
plethismography, 61 
pneumography, 61 
pneumomediastinum, 338 
■pneumotachometry, 61 
pneumothorax, 338 
postoperative therapy, 340 
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